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(g) Multi recording system using monochrome printer. 

@ There is disclosed an ink jet color recording method for forming a multi-color image on a single 
recording medium using a monochrome recording apparatus, which includes a mounting portion for 
detachably mounting an ink recording head for performing recording on the recording medium by 
ejecting a monochrome ink, a feed unit for feeding the recording medium to a recording region of the 
ink recording head, and a discharge unit for discharging the recording medium passing the recording 
region. In first step, first recording information is supplied to a first ink recording head, attached to the 
mounting portion, for ejecting a first ink, recording is performed using the first ink on the recording 
medium fed to the recording region by the feed unit, and the recording medium is discharged by the 
discharge unit. In the second step, second recording information is supplied to a second ink recording 
head, attached to the mounting portion in place of the first ink recording head, for ejecting a second ink 
of a color different from the first ink, the recording medium, on which recording using the first ink has 
been completed, is fed to the recording region by the feed unit, recording is performed using the 
second ink, and the recording medium is discharged by the discharge unit. In the third step, third 
recording information is supplied to a third ink recording head, attached to the mounting portion in 
place of th s cond ink r cording head, for ej cting a third ink of a color differ nt from th first and 
second inks, th recording medium, on which r cording using th first and second inks has been 
completed, is fed to the recording region by the feed unit, recording is performed using the third ink, 
and the recording medium is discharged by the discharge unit 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an ink jet color recording method utilizing a monochrome ink jet recording 

technique and to an epoch-making invention, which allows to use a monochrome ink jet recording apparatus 
as a color recording apparatus. The present invention can be applied to an apparatus for recording an ink of 
a coloring liquid (to be simply referred to as an ink hereinafter) onto a recording medium such as a paper sheet, 
a cloth, a transparency (OHP) film, and the like. 

10 

Related Prior Art 

As a color image formation method, a method of performing recording by attaching a liquid ink onto a re- 
cording medium has been known before an electrophotographic color recording method, but is applied to a 
15 small number of products. On the market, therefore, electrophotographic color recording apparatuses are pop- 
ular. In general, a recording apparatus, which receives a recording medium, and discharges a recording medium 
on which a color image in a plurality of colors is formed, is known as a color recording apparatus. 

As an ink jet recording apparatus, in rear years, a monochrome ink jet recording apparatus capable of per- 
forming monochrome recording, and a color ink jet recording apparatus for performing color recording are avail- 
20 able. The former apparatus is inexpensive, while the latter apparatus is expensive and large in size. In partic- 
ular, although the color ink jet recording apparatus can satisfactorily perform recording on a specific recording 
medium (special-purpose coating paper), it often causes relative deterioration of image quality on various re- 
cording media such as normal high-quality paper, or a transparency (OHP) film. 

On the other hand, a user who uses the monochrome ink jet recording apparatus sometimes wants to per- 
25 form color recording although the frequency of such occasions is low. As a result, demand has arisen for a 
compact, inexpensive color ink jet recording apparatus, which can be easily used by a user. 

In a conventional color ink jet recording apparatus, when recording dots are modulated so as to achieve 
recording with high image quality, the arrangement of the apparatus becomes complicated and bulky, resulting 
in an expensive apparatus in order to obtain a practical recording speed. For this reason, most of commercially 
30 available color ink jet recording apparatuses perform pseudo gradation processing for achieving gradation ex- 
pression using a plurality of pixels. Thus, deterioration of image quality is observed relative to an electropho- 
tographic color recording apparatus, and the like, which can achieve multi-gradation expression using only one 
pixel. 

35 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an ink jet recording method, which can solve problems 
inherent to ink jet recording (e.g., blurring of an ink, expansion/contraction of a recording medium, and the like), 
and can form a monochrome gray-scale image or a good color image in at least two colors using a monochrome 
40 ink jet recording apparatus. 

It is another object of the present invention to provide an ink jet recording method, which can stably perform 
recording with high image quality even when a plurality of ink recording heads are used. 

It is still another object of the present invention to provide an ink jet recording method with high image 
quality, which can achieve gradation expression or color expression by only one pixel using a monochrome 
45 ink jet recording apparatus. 

It is still another object of the present invention to provide an ink jet recording method, which can perform 
proper recording according to the type of mounted recording head, or the type of supplied recording data. 

It is still another object of the present invention to provide an ink jet recording apparatus, which can elim- 
inate a recording position error in units of processes even in an ink jet recording apparatus which performs 
50 paper feed/discharge processes a plurality of number of times, and exchanges a recording head cartridge with 
another a plurality of number of times, and can form a high-quality image using a plurality of inks without im- 
pairing compact, inexpensive, and easy-to-use merits of the apparatus itself. 

It is still another object of the present invention to provide an ink jet recording method, which can record 
a high-quality image even when states and conditions are diff rent. 
55 in order to achieve the above objects, according to the present invention, there is provided an ink jet color 

recording method for forming a multi-color image on a single recording medium using a monochrome ink jet 
recording apparatus, which comprises a mounting portion for detachably mounting ink recording means for per- 
forming recording on the recording medium by ejecting a monochrome ink, feed means for feeding the r cord- 
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Inn Z«u2 ^ "* reCOrdin9 meanS ' and dischar 9 e means fo ' discharging the record- 

ing medium passing the recording region, comprising: 

the first step of supplying first recording information to first ink recording means, attached to the mount- 
ing portion, for ejecting a first ink. performing recording using the first ink on the reco ding medium fed™ tne 
recording region by the feed means, and discharging the recording medium by the discharge meTnsf 
th J! second . ste P o supplying second recording information to second ink recording means, attached to 

the first ink. feeding the recording medium, on which recording using the first ink has been completed toThe 

m e r:nr d ^ 

the third step of supplying third recording information to third ink recording means attached to the 

has HL 2! ^ reC ° rdin9 mediUm - ° n Which recordin 9 usi "9 first and second inks 
has been completed, to the record.ng region by the feed means, performing recording using the third ink and 
discharging the recording medium by the discharge means 

cordJIa 0 h e ^r^nH 0 ? e Pr6 f inVenti ° n ' Whe " a " ink j6t reCOrdin9 a PP arahJS uses a P>"ra>ity of ink re- 

pe ; form,n 9 recordin 9 on a si "9le recording medium a plura.ity of number of times 
lo ES£ reC09n,2ed ' and a mu,,i P ,e ink recordi "9 " aad -"ode can be executed by seLg a recovery 

Furthermore, according to the present invention, a plurality of recording processes are executed in the 
"eCS 

meansfo? d^^ CC ° rdin9 ***** '"^^ ™ apParatUS com ^ * ^cording position error detection 
means for detecbng a recording position error in units of recording processes, and a recording position error 
correction means for correcting the recording position error in units of recording processed 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

fe^Ned^^ 

ss u F ^ 2 ,nt a h^ 

Figs. 3 to 6 are views for explaining an ink jet cartridge. 
Fig. 7 is a plan view for explaining a heater board; 

Fig. 8 is a block diagram showing a control circuit'of the recording apparatus- 
Fig. 9 ,s a block diagram showing a driving control circuit for an ink jet recording head- 

ofVe p^en°telZr Sh ° Win9 ^ * * arra " 9ement accordi "9 - the first embodiment 

Figs. 11 A to 11C are views showing the principle of a recording method of the first embodimenf 
Rg. 12 is ; a view showmg an example of an image printed according to the first embodiment; ' 
45 inS ^ respective| y showin 9 ^age states after recording using first, second, and third 

Figs. 16 to 1 7B are views for explaining a spur trace; 

Figs 18A and 18B are block diagrams showing a circuit for discriminating a coincidence between a re- 
cording element and recording data; oeiween a re- 

w 'ne basic principle of the second embodiment ^ 

bodimentT ^ ^ Ch3rtS Sh ° W ' n9 SeqUenC6S ° f 3 multi ink recordin 9 mode of the second err. 

oflhe 2 ^^^^ 
55 bc?^ 

fhTs^^^^ 
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Figs. 27Aand 27B are views showing mask patterns for masking a recording image; 

Figs. 28Ato 28C are views showing image recording processes according to the eighth embodiment of 

the present invention; 

Fig. 29 is a flow chart showing a control sequence of an image formation condition according to the ninth 
embodiment of the present invention; 

Fig. 30 is a flow chart showing control according to the 10th embodiment of the present invention; 

Fig. 31 is a flow chart showing processing control of image recording information according to the 11th 

embodiment of the present invention; 

Figs. 32Aand 32B are perspective views respectively showing an image recording state under the proc- 
essing control shown in Fig. 31, and a discharged state of a recording medium; 

Figs. 33Ato 34B are views for explaining an image recorded by a recording method according to the 13th 
embodiment of the present invention, and blurring of the image; 

Fig. 35 is a flow chart showing a recording processing sequence in the 13th embodiment; 

Fig. 36 is a view showing an image having both high- and low-dot density portions; 

Fig. 37 is a flow chart showing a recording processing sequence according to the 14th embodiment of the 

present invention; 

Fig. 38 is a view showing a state of a recorded image according to the 15th embodiment of the present 
invention; 

Fig. 39 is a block diagram showing an image ternary conversion processing block in the 1 5th embodiment; 
Fig. 40 is a diagram showing the flow of full-color image formation processing in the 15th embodiment; 
Figs. 41Ato 41C are views showing states of recorded images by other printing methods in the 15th em- 
bodiment; 

Fig. 42 is a view showing a state of a recorded image according to the 16th embodiment of the present 
invention; 

Fig. 43 is a view showing an arrangement of ink ejection orifices of an IJC in the 16th embodiment; 
Fig. 44 is a block diagram showing an image ternary conversion processing block in the 16th embodiment; 
Fig. 45 is a view showing a state of a recorded image in the 16th embodiment; 

Figs. 46 and 47 are block diagrams showing system arrangements according to the 19th embodiment of 
the present invention; 

Figs. 48 and 49 are explanatory views showing a bar code arrangement in the 19th embodiment; 

Figs. 50 and 52 are block diagrams showing system arrangements according to the 20th embodiment of 

the present invention; 

Figs. 51 and 53 are circuit diagrams of an ink jet recording head in Figs. 50 and 52, respectively; 

Figs. 54 and 55 are block diagrams showing system arrangements according to the 21st embodiment of 

the present invention; 

Fig. 56 is a block diagram showing the basic principle according to the 22nd embodiment of the present 
invention; 

Fig. 57 is a flow chart for explaining an operation of the 22nd embodiment; 
Figs. 58Aand 58B are explanatory views of a recording position error detection means; 
Fig. 59 is a view for explaining another recording position error detection method; 
Fig. 60 is an explanatory view of a recording position error correction means; 

Fig. 61 is a flow chart for explaining an operation of a recording position error detection method according 
to the 23rd embodiment of the present invention; 

Fig. 62 is an explanatory view of a conveying means for eliminating a recording position error according 
to the 24th embodiment of the present invention; 

Fig. 63 is a flow chart showing a driving sequence upon exchange of ink recording heads so as to explain 
the basic principle according to the 26th embodiment of the present invention; 

Fig. 64 is a flow chart showing a sequence for setting a driving condition in units of ink recording heads 
upon exchange of the ink recording heads according to the 26th embodiment; 

Fig. 65 is a flow chart showing a sequence for setting the CR and LF speeds in a multi ink recording head 
mode according to the 27th embodiment of the present invention; 

Fig. 66 is a flow chart showing a head test sequence on the basis of aging upon exchange of ink recording 
heads according to the 29th embodiment of the present invention; 

Fig. 67 is a flow chart showing image formation control according to the 30th embodiment of the present 
invention; 

Figs. 68Ato 68C are views showing image recording processes in the 30th embodiment; and 

Figs. 69A to 69C are views showing image recording proc sses according to the 31st embodiment of the 

present invention. 
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within a short period of time 

ferent colors. In the current stete l KS2SS£ h 7? b ' Urrin9 ° f inkS a « the Varies of dif- 
tory image cannot be obtained ThaUsThen TheTnks oHnel" rlf Tt* * * ° 0nd,ton - 3 SatiSfa& " 

c^g^^^ 

stable. R is found that when the recorded mSSSSl^ ri 'iSSSiSST^ >? "" 
image is completely fixed when the rernrtinn^ f feeder aga,n ' the Previously recorded 

the state of the recordingtedium s ZtS^XSZZZ^T -ding, and 

when an ink in a different color is recorded on Ih™ ? P V '° US mk recordi "9. Furthermore, 

recording position of the ^Zsi^e^rZ^n^ h " 88 U " def thiS Condition ' since ««• 

of the recording 0,^^ ^^^^^^ * * be reC ° rted ' 

high image quality and good color development 5LSS£ § * ' ° f ** C °'° rS has 

feren?cXTn e k a s PP,,eS * ' ab0Ve - men «°" ed Passes are executed using three or four d,- 

accom^^ 

a carriage HC. to which the present invention is suitably applied " 9 aPPafatUS *"* ' JRA ' and 

(i) Description of Outline of Apparatus Main Body 

pre^ti^ 

5005. which is rotatedSa Tr^f^^^n ™f 88d 3 Spira ' 9roove 5004 of a lea " ^w 
rotation of a driving J SoT ^SeTh^ a forward/reverse 

rections of arrows a and b The 2rrSe HC caTrtc .h P I . " reci P roca »y -"oved in the de- 

presses a paper sheet against a pfaten 50* "acro^ ' ^ * pre ? Si "9 P ,ate 50 °2 

5008 constitute a home ration '<M^2^M 7T Photoc ^ 5007 and 

a corresponding area, and pSorm l^SE^SE? « "TT " * " 5 °° 6 ° f the in 
50 16 supports a cap memL 50^t55^^ SS^ J" ?' mo ' or 501 3. A member 
5015 draws the interior of the cap member bv sucLn^ ~? I head ' a " d a Suction means 

recording head via an intra-cap opeTng 5023 1 1 SIS?" 3 ^ ° P ^° n ° f the 

movable in the back-and-forth direction S ni? * supported b V a 5019 to be 

The present invention is no^mi^ 3 main bod * «PP« P.ate 5018. 

can be applied to the present invention, as a matter of cTul Forexa ^'e. a known cleaning Wade 

attached to the cleaning blade 501 7 More soectf icallf^ ^ * a . bs ° rb '? 9 or scra P in 9 °"'^9e ink droplets 
ing blade 5017 are absorbed byan i ta*2SS£ ^emhl 5°Z mkdr °P ,ets attac "ed onto the clean- 
member is arranged on the , h Sta2HS^iJ^h' , T^ - 0 " ' C-r * 8 ' ^ This absorbin 9 
cartridge UC, and may be dis^T^er w"h the ,j C ' "** " Xed ° n the « '« 

of a car^o'e^ a "d is moved upon movement 

by a known transfixion mea^Xh^wLTg^T^ "* ^ "** * ""^ 

an area at the home pos«ion side. However, the present iJET-SEK 
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erations are performed at known timings. 

As can be seen from the perspective view of Fig. 3, the ink jet cartridge IJC of the present invention has 
an increased ink storage space factor, and the distal end portion of the ink jet unit IJU slightly projects from 
the front surface of the ink tank IT. This ink jet cartridge IJC is fixed and supported by a positioning means 
5 and electrical contacts (to be described later) of the carriage HC (Fig. 1) mounted on the ink jet recording ap- 
paratus main body IJRA, and is detachable from the carriage HC. 

(ii) Description of Arrangement of Ink Jet Unit IJU 

10 The ink jet unit IJU is a unit of a type for performing recording using electro-thermal conversion elements 

for generating heat energy, which causes film boiling in an ink, according to an electrical signal. 

In Fig. 3, a heater board 100 is constituted by forming a plurality of arrays of electro-thermal conversion 
elements (ejection heaters), and, e.g., an Al electrical wiring pattern for supplying an electrical power to these 
heaters on an Si substrate by a film formation technique. A wiring board 200 for the heater board 100 has a 

15 wiring pattern corresponding to the wiring pattern on the heater board 100 (connected by, e.g., wire-bonding), 
and pads 201 , located at the end portions of the wiring pattern, for receiving electrical signals from the main 
body apparatus. 

A grooved top plate 1300 is provided with partition walls for partitioning a plurality of ink paths, a common 
ink chamber, and the like, and is formed by integrally molding an ink reception port 1500 for receiving an ink 

20 supplied from the ink tank, and guiding the received ink toward the common ink chamber, and an orifice plate 
400 having a plurality of ejection orifices. As a material used for integrally molding these members, polysulfone 
is preferable. However, other molding resin materials may also be used. 

A support member 300 consisting of, e.g., a metal, supports the rear surface of the wiring board 200 by 
a flat surface, and serves as a bottom plate of the ink jet unit. A pressing spring 500 has an M shape, presses 

25 the common ink chamber by the center of the M shape, and presses a portion of the ink path by an apron 
portion 501 at a linear pressure. The leg portions of the pressing spring 500 are engaged with the rear surface 
side of the support member 300 via holes 3121 of the support member 300, while sandwiching the heater board 
100 and the top plate 1300 therebetween, so that the heater board 100 and the top plate 1300 are brought 
into contact with and fixed to each other by the biasing forces of the pressing spring 500 and its apron portion 

30 501. The support member 300 has positioning holes 312, 1900, and 2000, which are respectively engaged with 
two positioning projections 1012 and positioning/thermally fusion bonding projections 1800 and 1801 of the 
ink tank IT, and also has positioning projections 2500 and 2600 for the carriage HC of the apparatus main body 
IJRA on its rear surface side. In addition, the support member 300 has a hole 320, which receives an ink supply 
tube 2200 (to be described later) so as to allow ink supply from the ink tank. The wiring board 200 is adhered 

35 to the support member 300 by, e.g., an adhesive. Recess portions 2400 of the support member 300 are formed 
near the positioning projections 2500 and 2600. In this case, in the assembled ink jet cartridge IJC (Fig. 3), 
t he recess portions 2400 are located at extended points of a head distal end area whose three sides are formed 
by a plurality of parallel grooves 3000 and 3001, so that foreign matter such as dust, an ink, or the like does 
not reach the projections 2500 and 2600. As can be seen from Figs. 3 and 4, a lid member 800 formed with 

40 the parallel grooves 3000 forms the outer wall of the ink jet cartridge IJC, and defines a space portion forstoring 
the ink jet unit IJU. In an ink supply member 600 formed with the parallel grooves 3001 , an ink guide tube 1600 
continuous with the above-mentioned supply tube 2200 is formed as a cantilever, the supply tube 2200 side 
of which is fixed, and a seal pin 602 for assuring a capillarity between the fixed side of the ink guide tube and 
the ink supply tube 2200 is inserted in the ink guide tube. Note that a packing 601 provides a seal upon coupling 

45 between the ink tank IT and the supply tube 2200, and a filter 700 is arranged on an end portion, on the side 
of a tank, of the supply tube. 

Since the ink supply member 600 is formed by molding, it has low cost and high positional precision, and 
is free from a decrease in precision in the manufacture. In addition, since the ink supply member 600 has the 
cantilever-shaped guide tube 1600, the press-contact state of the guide tube 1600 to the above-mentioned 

50 ink reception port 1500 can be stabilized even in mass production. In this embodiment, a sealing adhesive need 
only be flowed from the ink supply member side in this press-contact state, thus reliably obtaining a complete 
communication state. Note that the ink supply member 600 can be easily fixed to the support member 300 in 
such a manner that pins (not shown) formed on the rear surface of the ink supply member 600 are caused to 
project through holes 1901 and 1902 of the support member 300, and the portions projecting toward the rear 

55 surface side of the support member 300 are thermally fusion-bonded. Since the slightly projecting regions of 
the thermally fusion-bonded rear surface portions are received in a recess (not shown) formed in the wall sur- 
face, on the side of the ink jet unit IJU mounting surface, of the ink tank IT, the positioning surface of the unit 
IJU can be precisely obtained. 
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(Hi) Description of Arrangement of Ink Tank IT 
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after the ink absorbing member 90C ^ inserted I the rJ^T 9 J"*' ° f the main botJ y 1000 

900 is used for imprecating an ink andirir^nSTn ST b0dy ^ mk absorbin 9 membar 

used forsupplying anTnk toTe unft UU consZteJ h, '" the K Cartr,d 9 e mai " ^00. A supply port 1200 is 
used forinjectingan inkth^ZZa^ Met^^S "° * 6 °°' 3 " d * 3,SO 

main body 1000so as to perform ink impr^n^^r ^ZTs^ ™ 

ribs 2300 in the main body 1000 aS££^^ ^ member ' an intra -' a nk air region defined by 
from the air communication porM^J sTdeto^ 

it is important to reiativeiy sSsfactori? an ^ unZm v3l^ f ? W " u W*P««ia». Therefore, 
supply port 1200 side. This method fever f S^hSSJ* ^ ^ abSOrt>in9 member from the 
to the carriage moving direction on the Zar suS« »h k J ^ " bS 2300 indude four ribs P ara » a « 

the absorbing membe°from Saving thTrear irfac? th TT? ° f the ink t3nk ' so as to P' eva "' 
at positions on extended hneTtf^ and 2302 are similar.y arranged 

Unlike the ribs 2300, each ofthe ribs 23u1 and SJSJJ ? h h ? '""^ SUrf3Ce ° f the lid member "°0. 
» as compared to the ribs 2300 Note ^tS^^^^^^^^ 1 "^^^ 
the tota. area of the lid member 11 S ^ diStribUted °" " ^ ° r ,a " 
port 1200. of the ink absorbing member Ik , J ? re9 ' 0n ' farthest from ,he ink SU PP'V 

supply port 1200. The ai ^1^1^ "J 9U,ded by 3 force towa " the 

cartridge to communicate ^^TteZia^l^^" member t0 03036 the interior ° f tba 

~tt^^^ 

a-on^^r^ 

ocularly effective. However when^rrectanaZ ! I k abov t ment,oned arrangement of the ribs are par- 

when the ink storage space sdef^ bv ^cube 1- 'J 0 " 8 ^ the Cama9e directio " " 
1100. thereby stabXinks^l^ 

tank IT or a placement reference plane ofthe slrlZ S ^h! PW " el *° the bottom surfa <* <* the 

projections 1012 engaging with tie h*es 312 ^ST, ♦ T " re P resented b V «-1 . the two positioning 
* The height of each li^wS^^^ZS. 3 °° ' OC3ted ° n th ' S Strai9ht " 9ht L1 

projections 1012 are used for n^nfaJZ u th,CkneSS ° f the Support member 3 °°. *nd the 

a 90o engaging surtacTCo^Sn ing hoo^OoTof he 3 ^ 21 °° t£> e " 939ed W * h 

straight line L1. so that the ikJ^JJ^^lS^^!^ ' S ^ °" the 6Xtended ,ine of the 
mentioned reference plane incUng hesfraToh^ " 3 P ' 3ne regi ° n para,,e ' to the ab °^ 

positioning precision ofthe ink tan ^SS^i^^S^ J*^ h referenCe to Fl * 5 - the 
an effective arrangement ne,SeqUWa,enttothatofthee J ec honorrficesofthehead.thusproviding 

and are used for fixing the J^JSTK^S^T ? I" above - me "«°" e <' Pactions 1012 
the portions of the pTojectfor^ToTO «2 c J^! ,h8 ^ the ^ a »y ^ion-bonding 

perpendicular to the line L1 and passfno ftnforotectS iftnn ° SUPP ° ft member 300. If a straight line 
dicular to the line L1 and pa «K pmfecSn imTJ^ TTTT 1 ^ L3 ' 3nd 3 Str3, ' 9ht " ne per P en " 
the supply port 1200 is located on the SSJliS 7hS!?2 V ' ^ SUbstantia,| y tbe ^ter of 
between the supply port 1200 and the suppTy Z 2^0 ^en wCtheT^^*' 6 C ° UPHn9 **** 
is applied to the cartridge, the load on the counlinn t^mJ^T u cartridge is dropped or a shock 

praferable arrangement" Since the slight ZSS^J^ZZ^T ^ thUS pr ° vidin9 a 
1800and 1801 are present near the pro iection 1 lof?*^ n °»«».nc,de w,th each other, and the projections 
a positioning reinforcement effect oHrTh^ 
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engaged with another positioning portion of the carriage HC. 

The ink tank IT encloses the unit IJU except for a lower opening since it is covered by the lid member 800 
after the unit IJU is attached. However, as for the ink jet cartridge IJC t since the lower opening used for placing 
the unit on the carriage HC is close to the carriage HC, a substantially four-direction enclosed space is unde- 

5 sirably formed. Heat generated by the head IJH arranged in the enclosed space is effective for keeping the 
temperature in this space, but causes a slight temperature rise. For this reason, in this embodiment, a slit 1700 
having a smaller width than this space is formed on the upper surface of the cartridge IJC so as to help natural 
heat dissipation of the support member, so that the temperature distribution of the entire unit IJU can be uni- 
formed independently of an environment while preventing the temperature rise. 

10 When the ink jet cartridge IJC is assembled, an ink is supplied from the interior of the cartridge into the 

supply member 600 via the supply port 1200, the hole 320 formed on the support member 300, and an inlet 
port formed on the central rear surface side of the supply member 600, and passes through the interior of the 
supply member 600. Thereafter, the ink is flowed from an outlet port into the common ink chamber via a proper 
supply tube and the ink reception port 1500 of the top plate 1300. Packings consisting of, e.g., silicone rubber, 

15 butyl rubber, or the like are provided to connection portions of the above-mentioned ink communication path, 
so as to provide seals, thereby assuring an ink supply path. 

In this embodiment, the top plate 1300 is simultaneously molded integrally with the orifice plate 400 in 
metal molds using a resin having a high ink resistance, such as polysulfone, polyethersulfone, polyphenylene 
oxide, polypropylene, or the like. 

20 As described above, since the ink supply member 600, the top plate and the orifice plate, and the ink tank 

main body 1000 are integrally molded members, a high assembling precision can be assured, and quality in 
mass production can be very effectively improved. In addition, since the number of parts can be decreased 
as compared to a conventional arrangement, required characteristics can be reliably provided. 

25 (iv) Description of Mounting of Ink Jet Cartridge IJC on Carriage HC 

In Fig. 6, a platen roller 5000 guides a recording medium P from the lower side in the plane of the drawing 
toward the upper side. The carriage HC is moved along the platen roller 5000, and is provided with the front 
plate (2 mm thick) 4000 located at the front surface side of the ink jet cartridge IJC, a flexible sheet 4005 having 

30 pads 2011 corresponding to the pads 201 of the wiring board 200, an electrical connection portion support 
plate 4003 for holding a rubber sheet 4006 with projections for generating biasing forces for pressing the pads 
2011 from the rear surface side, and the positioning hook 4001 forf ixing the ink jet cartridge IJC at a recording 
position. The front plate 4000 has two positioning projecting surfaces 4010 in correspondence with the above- 
mentioned positioning projections 2500 and 2600 of the support member 300 of the cartridge, and receives a 

35 vertical force acting toward the projecting surfaces 401 0 after the cartridge is mounted. For this reason, a plur- 
ality of reinforcement ribs are arranged on the platen roller side of the front plate to extend in the direction of 
the vertical force. The ribs form head protection projections projecting, toward the platen roller side, slightly 
(by about 0.1 mm) from a front surface position L5 defined when the cartridge IJC is mounted. The electrical 
connection portion support plate 4003 has a plurality of reinforcement ribs 4004 not in the direction of the 

40 above-mentioned ribs but in the vertical direction, and the heights of the ribs are gradually decreased from 
the platen side toward the hook 4001 side. These ribs have a function of obliquely defining the cartridge mount- 
ing position, as shown in Fig. 6. The support plate 4003 also has a platen-side positioning surface 4008 and 
a hook-side positioning surface 4007 so as to stabilize an electrical contact state, forms a pad contact region 
between these surfaces, and uniquely defines the deformation amount of the rubber sheet 4006 with projec- 

45 tions corresponding to the pads 2011. When the cartridge IJC is fixed in a recording possible position, these 
positioning surfaces contact the surface of the wiring board 200. In this embodiment, since the pads 201 of 
the wiring board 200 are distributed to be symmetrical about the above-mentioned line L1. the deformation 
amounts of the projections on the rubber sheet 4006 are uniformed, thereby more stabilizing the contact pres- 
sures between the pads 2011 and 201 . In this embodiment, the pads 201 are distributed in two upper and lower 

50 arrays, and in two vertical arrays. 

The hook 4001 has an elongated hole to be engaged with a fixing shaft 4009. The hook is pivoted coun- 
terclockwise from the position illustrated in Fig. 6 by utilizing a movable space of the elongated hole, and is 
then moved leftward along the platen roller 5000, thereby positioning the ink jet cartridge IJC with respect to 
the carriage HC. The movement of the hook 4001 is not particularly limited, but an arrangement for moving 

55 the hook with, e.g., a lever is preferably adopted. In any case, upon pivotal movement of the hook 4001, the 
cartridge IJC is moved to a position where the positioning projections 2500 and 2600 are able to contact the 
positioning surfaces 4010 of the front surface, while being moved toward the platen roller side. Upon leftward 
movement of the hook 4001, the 90° hook (engaging) surface 4002 turns the cartridge IJC in the horizontal 
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the like; a control unit 222 having a recording means driving element 220 for supplying a recording signal to 
the recording means 200, and a memory means 221 such as a line buffer memory for supplying a print pattern 
to the recording means driving element 220; and a host unit 232 including a printer driver 231 for converting 
a print pattern from a host 230 into a format suitable for the control unit 222. The system further comprises a 
recording medium convey means 250 used for recording an image on a recording medium 240 by the recording 
means 200, and preferably, a registration adjust means 251 for registering the recording medium at that time. 
Even when recording operations are performed while a single recording medium is conveyed by the recording 
medium convey means a plurality of number of times, these means can eliminate recording position errors. 
Furthermore, the system comprises a paper discharge means 260 for discharging a recorded recording me- 
dium. As for the paper discharge means, some methods have already been proposed. In general, a method 
of discharging a printed recording medium while pressing the printing surface of the printed recording medium 
using a paper discharge spur 261 is popular. 

Figs. 11 A to 11 C show a sequence for executing recording operations a plurality of number of times using 
a single recording medium in the system of the present invention. Fig. 11 A shows a state wherein the first re- 
cording operation is about to be executed. In Fig. 11A, the system also includes an auto sheet feeder 6005 
and a pickup roller 6001. A needle roller 6002 extends parallel to a platen roller 5000, and is in tight contact 
with therewith. The needle roller 6002 generates a conveying force for conveying a recording medium in the 
conveying direction. A paper discharge spur 6003 generates a conveying force for discharging the recording 
medium together with a paper discharge roller 6004. Fig. 11B shows a state wherein the discharged recording 
medium for which the first recording operation has been completed is re-set on the auto sheet feeder 6005, 
and the IJC unit is exchanged with a unit of a different type. Therefore, an ink (A) printed by the first recording 
operation is attached onto the recording medium. Fig. 11C shows a state wherein the IJC unit is exchanged 
again, and the recording medium is re-set to perform a recording operation. 

In a print pattern, any known image processing may be adopted, and dots may or may not overlap with 
each other. Furthermore, density gradation characteristics or area gradation characteristics may be attained 
by combinations of IJC units having different ink densities or large and small ink ejection amounts. 

Fig. 12 shows an example of an image printed according to the present invention. Fig. 13 shows a printed 
state after the first print operation, Fig. 14 shows a printed state after the second print operation, and Fig. 15 
shows a printed state after the third print operation. In a print pattern, any known image processing may be 
adopted, and dots may or may not overlap with each other. Furthermore, density gradation characteristics or 
area gradation characteristics may be attained by combinations of IJC units having different ink densities or 
large and small ink ejection amounts. 

Fig. 16 shows a state wherein spur traces appear only when the spur passes on different inks. Fig. 17A 
shows a paper discharge system using an ink non- transfer paper discharge spur, and Fig. 17B shows a system 
using a star-shaped paper discharge spur. Although not shown, a system using a spur cleaner rotated together 
with the spur in the system shown in Fig. 17A is also available. 

Fig. 2 shows an arrangement of the cleaning unit of a recording apparatus main body used in the present 
invention. An ink absorbing member 7000 is used for absorbing and removing ink droplets attached to a cleaning 
blade 5017. In an operation, after the cleaning blade scrapes off an ink around the nozzles of the IJC unit, it 
then reaches the absorbing member 7000. The ink absorbing member may be arranged on either the carriage 
or the IJC unit When the ink absorbing member is arranged on the IJC unit, a very preferable arrangement 
can be attained in consideration of durability and color mixing. 

Figs. 1 8Aand 18B show a discrimination system for discriminating whether or not a recording element and 
recording data coincide with each other. Fig. 18A shows a state wherein information indicating which of data 
is selected from data of the host is read from a head ID 301 provided to a recording element 300, data is selected 
by a select means 310 according to the read information, and the selected data is supplied to the recording 
element 300. 

Fig. 18B shows a state wherein when a user selects data, it is discriminated by a type discriminate means 
311 for discriminating the type of the currently selected recording element 300, and when the selected data 
and recording element are different from each other, an instruct means 312 issues a proper instruction. 

Assume that print operations are performed using C, M, Y, and K inks. AY head is attached to the recording 
apparatus, and a recording medium is set. In this case, the auto sheetfeeder is preferably used so as to register 
(align) the recording medium. More specifically, it is preferable that an arrangement capable of performing a 
vertical registration operation is adopted or a vertical registration operation is performed, and an arrangement 
for performing a horizontal registration operation for pressing a recording medium against a positioning side 
plate is adopted or a reference side plate according to a sheet width so as to horizontally register the recording 
medium is used. Then, Y data is supplied from the host to the recording apparatus, and a recording operation 
is started. In this case, an ID is provided to the recording element, and an IJC unit which does not correspond 
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by swelling of paper, the ink droplets on the side surface of the spur never pose any problem. When print op- 
erations are performed using a plurality of different color inks, it is ideal to exchange, e.g., a spur unit. More 
specifically, a combination of known means, e.g., a means with a spur cleaner, a means with no spur, and the 
like may be proposed. 

5 As described above, according to this embodiment, in an ink jet recording apparatus for performing re- 

cording by ejecting an ink, the problem of a recording medium caused by inks can be solved, and color recording 
with high image quality can be easily realized. 

(Second Embodiment) 

10 

The second embodiment corresponds to a further improvement of the first embodiment When recording 
is performed on a single recording medium while exchanging a plurality of ink recording heads like in the first 
embodiment, recording operations are not always be performed in the same state, and the following problems 
are expected. 

15 

(1) Color Mixing in Suction Recovery 

When a plurality of ink recording heads are selectively used in a single ink jet recording apparatus, if a 
suction recovery operation is performed in a state wherein an ink of a different color drawn in the immediately 

20 preceding suction recovery operation is left in a recovery device, the remaining ink is caught up into an ink 
convection in suction, and undesirably becomes attached to the ink recording head. Then, the attached ink is 
directly drawn into nozzles, and is mixed with a different ink. Even though the attached ink is not directly drawn 
into the nozzles, if, e.g., a wiping operation is performed for the purpose of stable recording, the different color 
ink attached near the nozzles is guided into the nozzles, and is mixed with another ink. If such color mixing 

25 occurs, image quality is considerably deteriorated. 

(2) Image Quality on Single Recording Medium 

. When recording operations on a single recording medium are performed for a plurality of recording media, 

30 the ink recording heads are not always in the same state, and the temperature rise upon continuous execution 
of recording is different from that upon intermittent execution of recording. Also, the temperature rise of the 
ink recording head varies depending on the print duty. When the temperature of the ink recording head varies, 
the ejection amount varies accordingly, and a recovery sequence optimal for the ink recording head also 
changes. An optimal recovery condition also varies depending on the environmental temperature or the use 

35 frequency of the ink recording head. 

The above-mentioned problems are posed since recording operations are performed a plurality of number 
of times on a single recording medium while exchanging a plurality of ink recording heads, and must be solved 
when a high-quality color image in at least two colors is to be stably formed by a monochrome ink jet recording 
apparatus using a plurality of ink recording heads. 

40 As the second embodiment, a method of controlling a recovery sequence for stabilizing ejection in an ink 

jet recording apparatus for performing recording on a single recording medium using a plurality of ink recording 
heads will be described below. 

Fig. 19 shows a recovery sequence according to this embodiment When exchange of an ink recording 
head is detected or recognized by an exchange detect means in step S800, the mode of the ink recording head 

45 is detected or recognized in step S801. 

If a mode for using a plurality of ink recording heads (multi mode) is detected or recognized, an auto-suction 
operation is inhibited (step S802 and S803). This is to prevent consideration deterioration of image quality due 
to color mixing caused when an ink recording head having an ink different from a normally used ink recording 
head is attached, and a suction recovery operation is performed. In step S804, aging of the ink recording head 

50 is performed. In the multi mode, since recording operations are performed a plurality of number of times on a 
single recording medium, even a single erroneous recording operation considerably affects image quality as 
compared to a normal mode using a single ink recording head (normal or single mode). For this reason, aging 
is p rformed to reliably perform recording. In this case, in consideration of the ink consumption amount, aging 
is p rformed only when the ink recording head is exchanged. The aging is performed by 5,000 shots of ink 

55 droplets, but the number of shots may be changed according to the type of the recording head, the environ- 
mental temperature, and the like. Furthermore, in order to perform aging more satisfactorily, the head may 
be driven at a voltage higher than that in a recording mode. 

Then, a pre-ejection condition, a capping condition, and a wiping condition are set in the multi mode (steps 

13 



■NSDOCID: <EP 0560562A2_I_> 



EP 0 560 562 A2 



S805 to S807). These conditions may also be changed according to the type of the recording head the en- 
vironmental temperature, and the like. The operation to be inhibited in the multi mode is not limited to the auto- 
suction operation. For example, even when a user inputs a suction recovery command, no suction recovery 
operation is performed, and an error indication or a message displayed on a CRT of a host urges the user to 
separately perform the suction recovery operation. 

When the normal mode is detected or recognized, the auto-suction mode is set (steps S808 and S80g) 
and aging is then executed (step S810). The aging is performed for the same reason as that in the multiple 
mode since this mode may be started during recording operations on a single recording medium using the plur- 
ality of ,nk recording heads. Then, a pre-ejection condition, a capping condition, and a wiping condition are set 
in the normal mode (steps S811 to S813). Normally, an ink recording head used in a monochrome ink jet re- 
cording apparatus is a monochrome head, and a black (Bk) ink is ordinarily used. However, the monochrome 
ink is not limited to the black ink, and a state wherein one type of ink recording head is used in the single ink 
jet recording apparatus is determined as the normal mode. 

Fig. 20 shows a power-ON sequence in the multi mode. Fig. 21 shows a power-OFF sequence and Fig 
22 shows a suction check sequence. As shown in Fig. 20, exchange detection of the ink recording head is per- 
e Q r Z d A a ,? power -° N Umi "9 and a P rint start Wming. Apre-ejection during printing is attained by 50 shots (step 
S900). After wiping, the number of shots in the pre-ejection is set to be 200 so as to reliably remove a different 
color ink mixed in the nozzlessince different ink droplets attached to the head face may be mixed in the nozzles 
(steps S901 to S903). Furthermore, after capping and wiping, a pre-ejection of 500 shots larger than those in 
™? rm m0de iS performed since a Possibility of mixing of a different color ink in the nozzles is higher (step 
S904). The pre-ejection interval is set to be 12 sec (step S905). However, in order to improve reliability the 
interval may be shortened. Furthermore, the pre-ejection may be controlled based on the print duty count'(the 
number of dots) in place of time control. 

If no print data is supplied over 60 sec or more, capping is executed (step S906). However, when the cap- 
ping IS executed, a different color ink left in the cap may be transferred onto the head face. Thus capping 
may be inhibited in the multi mode. This is because the head will not be left unused for a long period of time 
since the recording heads are exchanged for recording operations in units of pages 

In order to effectively perform wiping, the wiping is controlled based on the print duty count in place of 
bme control, so that the wiping is performed according to the wet state of the head face (steps S907 to S908) 
Since the wiping may cause mixing of a different color ink in the nozzles, the wiping may be inhibited in the 
multi mode like in capping. 

In this manner, no suction recovery operation is performed, and an error indication or a message displayed 
on the CRT of the host urges a user to separately perform the suction recovery operation. An auto-suction 
tomer is used, and when a suction recovery timing is reached, a user is urged to perform the suction recovery 
operation by the same method. In place of the suction recovery operation, a recovery mode as a combination 
of aging and wiping, with which an effect approximate to that of the suction recovery operation can be expected 
in terms of cleaning of the head face, may be executed. 

As described above, the mode of performing print operations a plurality of number of times on a single 
recoiding med.um is detected or recognized, and the recovery conditions and sequence are set in the unique 
multi mode, so that stable recording can be assured even when the plurality of ink recording heads are used. 

(Third Embodiment) 



In this embodiment, a case will be explained below wherein the condition of a recovery sequence is 
changed according to the type or state of each ink recording head. 

When a plurality of ink recording heads are used, the state of each ink recording head varies between a 
case wherein the ink recording head is initially used upon head exchange, and a case wherein the ink recording 
heads are used while repetitively and continuously performing recording operations and exchange operations 
Initially, since ejection heaters are not sufficiently used, the surface of the head may be contaminated and 
sufficient aging is required. In contrast to this, when the recording and exchange operations are continuously 
repeated, each ink recording head is subjected to sufficient aging by ejections, and no remarkable effect of 
another aging is expected. It is considered that such aging is wasteful in t rms of ink consumption 

Upon detection of exchange of ink recording heads, the number of xchange times of the ink recording 
head to be used upon head exchange is stored in. e.g.. a RAM, and the number of shots in aging is changed 
according to the number of exchange times with reference to Table 1 below. In this embodiment, when the 
head is exchanged for the first time, aging of 10,000 shots is performed. How ver. in the second and subse- 
quent exchanges of the head, the number of shots in aging is decreased according to the number of exchange 
bm s. Thus, in a recording method using a plurality of ink recording heads, ejection can be stabilized and ink 
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consumption can be saved. The RAM for storing the number of exchange times may have an area for storing 
the numbers of exchange times in units of types of inks of the ink recording heads, and when the ink recording 
head of the same type is mounted, a counter may be reset. 



Table 1 Aging Table According to State of Ink Recording Head 



No. of Exchange Times of Ink Recording Head 


No. of Shots in Aging 


1 


10,000 


2 to 10 


5,000 


10 to 20 


3,000 


more than 20 


1,000 



Similarly, the wiping interval can be controlled by counting the number of exchange times of the ink re- 
cording head. A water repellant is coated on the face of the ink recording head. The water repellant is weak 
against friction, and as the number of times of wiping is increased, the water repellant is gradually peeled. In 
the ink recording head from which the water repellant is peeled, a possibility of deposition of an ink around 
nozzles is increased, thus causing an ejection error. In order to decrease the deposition amount of the ink, 
wiping may be performed more frequently. When recording operations are performed a plurality of number of 
times on a single recording medium, color mixing may be caused by wiping. For this reason, the wiping fre- 
quency cannot simply be increased. 

In this embodiment, the use frequency of the ink recording head is predicted by counting the number of 
exchange times of the ink recording head, and the wiping interval is controlled according to Table 2 below. 
Thus, the state of each ink recording head can be predicted without requiring a new wiping counter, and the 
wiping timing can be set for each recording head in correspondence with the predicted state. In pre-ejection, 
capping, and the like, recovery conditions can be set according to each ink recording head by the same method 
as described above. 



Table 2 Wiping Interval Table According to State of Ink Recording Head 



No. of Exchange Times of Ink Recording Head 


Print Duty Count 


less than 50 


8,000 


50 to 100 


7,000 


100 to 200 


6,000 


200 to 300 


5,000 


more than 300 


4,000 



As described above, ejection can be stabilized by counting the number of exchange times of the ink re- 
cording head inherent to the mode for performing recording operations a plurality of number of times on a single 
recording medium, and high image quality can be maintained at low cost. Sequences other than a sequence 
for setting recovery conditions in the multi mode are the same as those in the second embodiment. 

(Fourth Embodiment) 

In this embodiment, a case will be explained below wherein the condition of a recovery sequence is 
changed according to the environmental temperature or the temperature of an ink recording head. 

The state of each ink recording head varies depending on the environmental temperature. In a high- 
temperature environment, the ink ejection amount is increased, and the number of bubbles, which cannot be 
caused to disappear in nozzles, is increased, thus easily causing an ink omission state. Conversely, in a low- 
temperature environment, ejection is not easily performed, and the ink ejection amount is decreased. Thus, 
in order to perform stable ejection while maintaining high image quality, the recov ry condition must be set 
according to the environmental temperature or the temperature of the ink recording head. In a mode for per- 
f rming recording op rations a plurality of number f times on a single recording medium (multi mode), the 
environmental temp ratur or the t mperature of ink recording heads is d tect d upon exchange of ink record- 
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10 



15 



20 



25 



30 



35 



ing heads, and the recovery condilion is set according to the temperature of each ink recortino head Sine. 

The detailed recovery conditions will be described below, in the multi mode, aging upon exchanqe of ink 
recording heads is performed to reliably perform recording as compared to a norma, mode usTng sSfgte £ 
(n0rma ' m0de> - HOWeVer * 3 hi 9 h - tem P erature environment, generation of bubblL is pfmot 
fornr-Z tJ?* ' "* omissfon state - a low-temperature environment, the temperature of the ink 

recordmg head ,s .ncreased by executing aging for the purpose of maintaining high image quality thereby min- 
.m,z,ng a decrease in ejection amount. Therefore, the number of shots in aging can be setT unte of inkT 

2 n n 9 e xnl SaCC °K din9 to ; he . e^Vir0nmenta, ■""«—"■ °"he temperature of the ink reco d"g held to bt 
used next upon exchange of ,nk recording heads. Table 3 below summarizes the setting conditions Thus the 

fn t^ow 2' T 9 m h, ' 9h - tem P erature environment can be eliminated as muchas possible.' and ag ng 
in the low-temperature environment can be effectively performed. 



Table 3 Aging Table According to Temperature 


Environmental Temperature or Temperature of Ink Recording Head (°C) 


No. of Shots in Aging 


less than 10 


20,000 


10 to 15 


15,000 


15 to 20 


10,000 


20 to 25 


5,000 


25 to 30 


3,000 


30 to 35 


1,000 


more than 35 


500 



mpt^H ... h Tl r t~ veryt " n,n 9 is informe ° to a user in the multi mode, the timing can be set by the same 
method accordmg to the envronmental temperature or the temperature of the ink recording head to be uJS 
and I"!" T 96 ° f I"" reC ° rding h6adS - 3 hi9h - tem Perature environment, bubb.es are easily generated 
^ZZ T V '° n ' S P r f ° rmed f ° r 3 ,0n9 Peri ° d ° f time « an ink omission st «te may be easBy caused' 
t^nn.1 ~ 22 T 9 ' S fOT ^ ^ reC ° rding head acC0K,in 9 to the environmental temperatore ol he 
e T a P h. ?k , ' nk reCOrd ' n9 h6ad l ° be USSd " ext upon excha "9 e of ink re °ording heads with reference 
to Table4below.anopt.mal recovery condition can be set In pre-ejection, wiping, capping and the 1^^ 
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Table 4 Suction Timer Table According to Temperature 


Environmental Temperature or Temperature of Ink Recording 
Head (°C) y 


Suction Timer Interval (hours) 


less than 10 


72 


10 to 15 


48 


15 to 20 


36 


20 to 25 


24 


25 to 30 


12 


30 to 35 


8 


more than 35 


4 



Asdescrib d above, since the rec v ry conditions are set according to the environmental t mp ratureor 

To, Tcan b r s2b? H T r dm9 , head UP ° n eXChan9S ° f ^ reC ° rdin9 " ads inherent to the mu.7rde 
ej ct, ncanb stab.hz d under cond.tions optima, for th nvironment. Sequ nces other than a sequ ncefor 
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setting recovery conditions in the multi mode are the same as those in the second embodiment. 

As described above, according to the second to fourth embodiments, in an ink jet recording apparatus for 
performing recording by ejecting an ink, since recovery operations are performed under proper conditions in 
an ink recording mode for performing recording operations a plurality of number of times on a single recording 
medium, the problem of color mixing can be solved, and a color image in at least two colors can be stably and 
easily formed while maintaining high image quality. 

(Fifth Embodiment) 

An embodiment wherein a host computer connected to a recording apparatus, dip switches, operation keys 
on an operation panel, a memory means provided to the recording apparatus, or the like is used as designation 
information generation means, and an image formation control condition is varied according to designation in- 
formation will be described below. The designation information of this embodiment is, e.g., the order of image 
recording processes from the designation information generation means. 

Figs. 23A to 23C show banding positions of recording scans of a recorded image. In Figs. 23Ato 23C, the 
convey direction of a recording medium is denoted by reference symbol A, and the scanning direction of a re- 
cording head is denoted by reference symbol B. A recording head of the present invention has 64 ejection or- 
ifices at 1/360-inch intervals, and the recording width per scan is about 4.5 mm. H in Figs. 23A to 23C corre- 
sponds to this recording width per scan. 

Fig. 23A shows the banding position of recording scans in a first process, Fig. 23B shows the banding 
position of recording scans in a second process, and Fig. 23C shows the banding position of recording scans 
in a third process. The banding positions of the recording scans in these processes are shifted by 1/3H in the 
convey direction of the recording medium. 

In conventional image formation control, when an ink is ejected by causing a change in state in the ink by 
heat, a nonuniform temperature distribution is formed in the ejection orifice array of the recording head. In 
particular, the temperature at the end portions of the ejection orifice array is lower than the central portion, 
and the flying ink droplet amounts of these portions are decreased. As a result, an image density at the end 
portions of the ejection orifice array corresponding to the banding positions of recording scans is decreased, 
t hus deteriorating image quality. Furthermore, a white or black stripe may often be formed at a banding position 
between the first and second recording scans due to the problem of conveying precision of a recording medium 
of the recording apparatus. 

According to this embodiment, when the banding positions of recording scans are changed in the respec- 
tive color image recording processes, a decrease in image density at the banding position, and formation of 
the white or black stripe can be minimized, and a good image can be obtained. 

In this embodiment, the banding positions in the first to third processes may be changed in the order of 
Figs. 23C, 23B, and 23A. 

The same effect as described above can be expected when an image formation control condition is con- 
trolled using image recording colors or the number of image recording colors as the above-mentioned desig- 
nation information. 

(Sixth Embodiment) 

In this embodiment, a case will be described below wherein image formation condition control different 
from the fifth embodiment is executed. 

Figs. 24A to 24C show the recording widths of a recorded image. In Figs. 24A to 24C, the convey direction 
of a recording medium is denoted by reference symbol A, and the scanning direction of a recording head is 
denoted by reference symbol B. A recording head of the present invention has 64 ejection orifices at 1/360- 
inch intervals, and the recording width per scan is about 4.5 mm. H1 in Fig. 24A corresponds to this recording 
width per scan. 

Fig. 24A shows the recording width in a first process, Fig. 24B shows the recording width in a second proc- 
ess, and Fig. 24C show the recording width in a third process. These recording widths satisfy a relation H3 < 
H2 < H1. The recording widths in the respective processes preferably have a difference of one dot or more. 

Furthermore, in the first to third processes, if control for decreasing the recording width to increase the 
number of divisions of an image is performed in a later process, a stripe between adjacent scans tends to be- 
come conspicuous. Therefore, recording operations are preferably performed under a division condition op- 
posite to that described above, i.e., in the order of Fig. 24C, 24B, and 24A 

Upon execution of the image formation condition control according to this embodiment the same effect 
as in the above embodiment can be expected. 
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(Seventh Embodiment) 

™ J?,!*?- emb ° d ' ment - a ^ wi » De described below wherein a host computer connected to a recording ap- 
oZ2t' n P th ' ° P ! rat, ° n ^ ° n 3n ° Perati ° n Panel - a memorv mea "s Provided to the recoS Z 

h 6 K , USed 38 desianation information generation means, and an image formation c^Tc^n^ 
dibon ,s vaned according to designation information. In this embodiment, the desigLtlon^mSo^sThe 
number of , mage recording co.ors fro, the designation information generation means ,S the 

Fig. 25 is a flow chart showing control of this embodiment. 

In step S301, it is checked if image data is received, If YES in step S301, it is checked in steo S302 if the 

^Vr^ZZde a Tr ° ,a p,ura,ity of ^ ,f NO in ^W^ik!^i^r£2SS5 

«£SS?£™ i v « ' ma9e reCOrdin9 fe P erformed in step 306 according the recording mode set in 
step S305. However, if YES in step S302, the flow advances to step S303. If the last reconJina cotorT d«S> 
m.ned ,n step S303. the recording mode A is set in step S305. and image record 

St 6 reC ° rding S6t in SteP S3 ° 5 - ° lhe ' wise ' the «™ ^vances to step sXTS r^Z 
mode B, and ,mage record.ng is performed in step 306 according the recording mode set in steo S3<£ I X 
end of ,mage data is determined in step S307, the flow is ended! otherwise, SeTw re^™ o ste^ 
Fig 26 shows print control in the recording mode B. in step S401, "0" is set in co^ntere #° and #2 L 

SLts r Unt r #1 in K CateS reC ° rding SCa " number ° n a si " 9 ' e ,ine - and thTconten^of TheSunS 

sfeo sS i e MTrT er J' iS the " ChCCked i0 St6P 8402 * the Content of lhe ~""ter #1 is 0 If^ES fn 
step S402, ..e., if the first record.ng scan is detected, the flow advances to steo S403 to cherk if » rJ^Z 
-mage signal corresponds to odd raster data. ,f ft is determined base^ Ton tTJ^ntlTe^n^Z 
^e record.ng .mage signal corresponds to odd raster data, odd dots are masked by a conLuTcuiUn step 

hi step S403 that the record.ng .mage signal corresponds to even raster data, even dots are masked bv tZ 

In the second recording scan, since the count value of the counter#1 is 1 , the flow advances to steo S414 
ras^T a H VanCeS IT 8405 " 8415 d6pendin9 °" the checki "9 —It step S41 4 "e odd or^veti 

s^iraS 

^n U ^ COmP 'f 0 " o.«f SeC ° nd reC ° rding SCan ' Carna 9 e return and line ^ operations are performed in 
step S412, and steps S401 to S41 3 are repeated until image data is ended Performed m 

«J£ T ab ° ve - mentioned recording mode B. a thin-out image is recorded in the first re- 

ttefSr^M 3 " T 96 fe feCOrded " thC SeC ° nd r6COrdin 9 Scan to compensate for the Wniut taatt 
™hTk 9 SCan ' tW °- paSS r6COrdin 9 0 Pe™tions are performed). In the recording modeTanTrnie 
recorded by a normal one-pass recording operation 9 

an iim! e It C .° rdin9 apparatus and recordin 9 me thod "sed in the present invention, as an image recorded in 
ZeTZTZZT 9 PrOC6SS iS SUff iCienUy f ^ and drfed a " d * — > of an ie™ 

™ JJ 6 "* 0 ' 6 ' 'I" 8 embodiment fe effective for a case wherein a recording medium on which a oreviouslv re- 
corded image ,s formed is discharged after t he image is sufficiently fixed a nd dried since aTjiiyoJ^Z 
TnSr 5 are H eXeCUted even wnen a " a PPeratus. which has a high recording speed ^rmdtle SSZ 
control. ,s used, ..e.. a case wherein a plurality of recording colors are to be used 

«f a "° r !r l ° SU l f iCi6ntly ' iX and dry 3 recorded ima 9 e in a" immediately preceding process upon discharae 
of a record ng medium, a rest time may be set in units of recording scans to prolong the , recording ^s^nterval 

^dt^ 

naSi c nT e r p ^ 

ntlt r F " rthermore - wh " image recording colors are used as the designatioTirtormation a sit 
nal fiom an ,nk record.ng m ans attach d to the recording apparatus may be used as the "SZ^HgeZ 
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ation means. 
(Eighth Embodiment) 

Figs. 27Aand 27B show patterns for masking a recording image. In each pattern, a hatched portion is a 
portion to be masked of a signal, and a blank portion is a recordable portion. Each mask pattern is constituted 
by a 4 x 4 matrix, and an image signal is masked upon repetition of these patterns in both the up-and-down 
and right-and-left directions. Figs. 28A to 28C show image recording processes in a case wherein an ejection 
orifice array of a recording head is equally divided into two regions (n = 2). In Figs. 28A to 28C, the convey 
direction of a recording medium is denoted by reference symbol A, and the scanning directions of the recording 
head are denoted by reference symbols B and C. 

Recording data is masked according to the mask pattern shown in Fig. 27 A, and the upper-half image (Fig. 
28A) is recorded by the first recording scan. The recording medium is conveyed in the direction A by a width 
(eight nozzles in Fig. 28A) of a region obtained by equally dividing the ejection orifice array (16 nozzles in Fig. 
28A) into two regions. Then, recording data is masked according to the mask pattern shown in Fig. 27B, and 
an image (Fig. 28B) is recorded by scanning the recording head in the direction C. As a result of the above- 
mentioned two recording processes, an image (Fig. 28C) is formed. The image shown in Fig. 28C is completed 
by two recording scans respectively using upper eight nozzles and lower eight nozzles. Thereafter, these re- 
cording processes are repeated to form an image. 

In this embodiment, a recording medium is conveyed by a width of a region obtained by equally dividing 
the ejection orifice array of the recording head into n regions, and a recording signal is masked, so that the 
number of recording dots formed on the recording medium by ink ejection of the recording head becomes 1/n 
during one recording scan. Thus, since an image corresponding to the width of the region obtained by equally 
dividing the ejection orifice array into n regions is completed in n recording scans using n-equally divided dif- 
ferent ejection orifice array regions, nonuniformity and a stripe at a boundary portion between adjacent scan 
lines, and variations in ink ejection amounts and landing precision of ink ejection orifices can be effectively 
eliminated. 

In an apparatus, which mounts a plurality of color recording heads, and can simultaneously record a plur- 
ality of color images, when bidirectional recording is performed, since forward and backward scans have dif- 
ferent recording orders (overlying order) on a recording medium, the hues of secondary and tertiary colors in 
color mixing are varied, thus deteriorating image quality. However, in a recording apparatus and method used 
in the present invention, since color-sequential image formation is performed, such a problem is not posed. 

(Ninth Embodiment) 

In this embodiment, a case will be described below wherein DIP switches, operation keys on an operation 
panel, a detection switch arranged along a recording medium supply-convey path, switches in theform of trans- 
mission type photocouplers arranged to detect a transparency film, which is normally transparent, or the like 
is used as information generation means for generating identification information indicating whether a record- 
ing medium is a designated sheet or a special sheet such as a transparency film other than the designated 
sheet, and processing is executed according to identification information from these switches. The identifica- 
tion information indicating whether a recording medium is a designated sheet or a transparency film indicates 
the designated sheet when, e.g., the detection switch is ON. 

Fig. 29 is a flow chart showing control of this embodiment. 

If it is determined in step S501 that a recording medium is supplied, the type of the recording medium is 
detected in step S502. In step S503, it is checked if the detected type of the recording medium indicates a 
designated recording medium. If YES in step S503, a recording mode B is set in step S504. However, if NO in 
step S503, a recording mode A is set in step S505. After the recording mode is set according to the detected 
information, an image is recorded according the selected recording mode in step S506. 

In a recording head used in the present invention, the ink ejection amount is increased to increase an ink 
coverage on a recording medium, so that a sufficient image density can be obtained on a normal high-quality 
paper sheet. 

On the other hand, a transparency film available on the market as one for an ink jet recording apparatus 
is normally formed by coating a medium having an ink absorbency on a transpar nt film. Since this film has 
a poor ink absorbency and a low ink reception amount, if recording is performed under normal image formation 
control using the above-mentioned recording head, a beading phenom non (an ink repelled on the film surface 
forms a bead shape) or blurringroccurs, and deterioration of image quality is observed. However, when the 
control of this embodiment is executed, image quality can be remarkably improved. 
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(10th Embodiment) 

^^T"™" 1 "=-«•'» «~ <— <n o„,y desfcnaed , ma9 e W ., m ,„„„ „ ^ 

(11th Embodiment) 

colore is on odd number If YES ioTZVyoe^i » , h ^ S706 " ,h * oou " B<l numl »' •» 

to b. rocoWdd data?, In ,h. J2?£S ? , * te """«° *> *»»P S702 that an odd mucoid, * 

POOotoafinaWin^pSTot^^aX^^ 

wherein recording of the f irsfpage is completed ' " F * 328 ""««"«•• *> ■ — 

the tdiSSd 6 rvel 9 n P b ro eTb S to Tn 6 d t ^ ° f reC ° rdi " 9 «*» is 
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(12th Embodiment) 

A case will be explained below wherein a binarizing condition is changed according to the order of image 
recording processes. 

5 When multi-value image data is converted into binary image data by known threshold value processing 

using a dither matrix, different threshold value matrices are used according to the order of image recording 
processes. In this case, different screen angles may be used according to the order of image recording proc- 
esses. 

When an image is reproduced using a fixed pattern like in dither processing, color nonuniformity caused 
10 by moire occurs on a halftone image in image formation using a plurality of colors due to mechanical influences 
of, e.g., skew or conveying nonuniformity upon conveying of a recording medium. In contrast to this, according 
to this embodiment, since different threshold value matrices are used in accordance with the order of image 
recording processes, generation of moire can be prevented. 

The same effect as described above can be expected when a threshold value matrix is varied according 
15 to image recording colors. 

(13th Embodiment) 

Figs. 33A and 33B show images recorded according to this embodiment. The image in Fig. 33A or 33B is 

20 obtained by recording a background having a high dot density in yellow (Y), and recording letters » in 

black (Bk). 

The image shown in Fig. 33A is obtained by recording the yellow (Y) background having a high dot density 
first, and then, recording the black (Bk) letters having a low dot density. The image shown in Fig. 

25 33B is obtained by recording the black (Bk) letters " having a low dot density first, and then, recording 

the yellow (Y) background having a high dot density. In either of Fig. 33A or 33B, after an image formed in 
the first recording process is sufficiently stabilized and fixed, the second image recording process is per- 
formed. 

However, when recording is performed by the method of Fig. 33B, the letters are considerably blurred to 
30 an illegible level. 

The composition of an ink used in a recording apparatus of the present invention is equivalent to the fol- 
lowing composition in any color, 
dye 2.5 wt% 

diethylene glycol 10.0 wt.% 

35 glycerin 10.0 wt.% 

ethyl alcohol 5.0 wt% 

water (distilled water) 72.5 wt.% 

Recording was performed by changing the recording order of colors using the inks having the above- 
mentioned composition. However, the recording color order and blurring had no correlation therebetween, and 

40 a good image was obtained when a color having a high dot density was recorded first in any combination of 
colors. 

The reason for this will be explained below with reference to Figs. 34A and 34B. 

In Figs. 34A and 34B, (A) represents an image having a low dot density, and (B) represents an image having 
a high dot density. Fig. 34A shows a case wherein the image (A) having a low dot density is recorded first, 

45 and thereafter, the image (B) having a high dot density is recorded. Fig. 34B shows a case wherein the image 
(B) having a high dot density is recorded first, and thereafter, the image (A) having a low dot density is recorded. 

When the images are recorded in the order of Fig. 34A, the image (A) is damped again in the recording 
process of the image (B). In this case, since a water-soluble dye is used, the stably fixed dye is dissolved again, 
and is blurred in the directions of arrows, thus destroying the shape of the image (A). On the other hand, when 

so recording is performed in the order of Fig. 34B, the stably fixed dye recorded in the first recording process is 
dissolved by the next recorded ink solvent in a portion of the image (B) corresponding to the image (A), and 
is blurred. In this case, however, since the color of the image (A) is originally formed by mixing the colors of 
the images (A) and (B), the advers effect due to blurring is very small. Therefore, a good image, which is 
less affected by blurring, can be obtained when recording is performed in the order from an image color having 

55 a high dot density. 

Fig. 35 shows a processing sequence according to the present invention, which is practiced based on the 
above description. In this embodiment, a case will be explained below wherein an image is recorded using four 
color inks, i.e., cyan (C), magenta (M), yellow (Y), and black (Bk). 
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In step S1 00, a control unit is initialized. In step S1 01 , the control waits for control commands and recording 
data input from a host apparatus connected to the recording apparatus while monitoring the inputs via an in- 
terface, If it is determined in step S101 that recording data is input from the host apparatus, the input recording 
data is stored in a reception buffer (step S102). Steps S101 to S103 are repeated until recording data for a 

5 predetermined amount (one page in this embodiment) is received from the host apparatus. 

If the end of reception is determined in step S103, the data in the buffer are counted in units of colors in 
steps S104 to S107 so as to discriminate recording color information having a high dot density. Furthermore, 
in step S108, the recording data counts are checked, and the recording order is set, so that image recording 
is performed in the order from recording data having the largest count, e.g., in the order of C M -> Y Bk 

10 if Bk < Y < M < C. Then, the recording data are output to a recording head in this order. 

Therefore, a cyan (C) image is recorded in the first recording process, a magenta (M) image is recorded 
in the second recording process, a yellow (Y) image is recorded in the third recording process, and then, a 
black (Bk) image is recorded in the fourth recording process. In this embodiment, since recording is performed 
in the order from an image color having a high dot density, a good image which is less affected by blurring 

15 can be obtained. 

(14th Embodiment) 

Fig. 36 shows an image in which portions having high and low dot densities are mixed. In this case, blurring 
20 occurs even when the recording order is changed. 

A red (R) ink is obtained by mixing magenta (M) and yellow (Y), and a blue (B) ink is obtained by mixing 
cyan (C) and magenta (M). Therefore, in a blurred portion, cyan (C), magenta (M), and yellow (Y) are mixed, 
and gray or black (Bk) appears in this portion due to subtractive color mixture. 

When the present inventors formed images by changing the recording order, an image formed by recording 
25 a red (R) image first was observed to suffer from less blurring. This phenomenon is caused by a visual inf lu- 
ence: visually, it appears as if an image is blurred from a portion having a low brightness toward a portion having 
a high brightness at a boundary portion between a color reproduced by mixing colors and a color having a 
large brightness difference therefrom. When the brightness values of the respective colors were measured 
the brightness of black (Bk) was 35; red (R), 55; and blue (B), 40. 

When a blue (B) image is recorded first, blurring occurs at a portion <D, and a mixed color ink spreads 
toward red (R) having a large brightness difference from black (Bk). However, when a red (R) image is recorded 
first, blurring occurs at a portion @, and a mixed color ink spreads toward blue (B) having a small brightness 
difference from black (Bk). 

Therefore, when images are recorded in the recording order, so that an image is always blurred toward a 
color having a brightness close to that of a color reproduced by color mixing, the influence of blurring can be 
minimized. More specifically, image blurring can be rendered inconspicuous by executing recording in the order 
from a color having a high brightness. 

Upon comparison of conspicuousness of blurring in various combinations of colors, a good image can be 
obtained by executing recording in the above-mentioned order from a color having a high brightness. 

In the recording apparatus used in the present invention, on normal high-quality paper, the brightness val- 
ue of black (Bk) was 35; yellow (Y), 86; magenta (M), 56; cyan (C), 60; red (R). 55; green (G), 53; and blue 
(B), 40, and the order from a color having the highest brightness was Y->C->M-*R-»G-*B-*Bk. The 
brightness value is a brightness (L») value measured by the standard source C field angle two degree in the 
DIE 1976 L*a*b* color space. Therefore, recording is preferably performed in the order ofY-*C-»M->R 
45 -> G — > B -> Bk. 

Fig. 37 shows a processing sequence according to the present invention practiced on the basis of the 
above description. In step S200. a control unit is initialized. In step S201 , the control waits for control commands 
and recording data input from a host apparatus connected to the recording apparatus while monitoring the in- 
puts via an interface. If it is determined in step S201 that recording data is input from the host apparatus the 
input recording data is stored in a reception buffer (step S202). Steps S201 to S203 are repeated untfl recording 
data for a predetermined amount (one page in this embodiment) is received from the host apparatus. 

If the end of reception is determined in step S203, colors required for a recording image are detected in 
step S204. In step S205, the brightness values of the required colors are checked, and in step S206, the re- 
cording order is set, so that image recording is performed in the ord r from a color having th largest brightness 
value. For example, when the required colors are B, G, R, and Bk, since the brightness values of these colors 
satisfy Bk < B < G < R, the recording order of R G B Bk is set Then, the recording data are output to 
the recording head in this order. 

Therefore, a red (R) image is recorded in the first recording process, a green (G) image is recorded in the 
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second recording process, a blue (B) image is recorded in the third recording process, and a black (Bk) image 
is recorded in the fourth recording process. In this embodiment, since recording is performed in the order from 
a high brightness, image blurring can b rendered inconspicuous. 

The above-mentioned order is not a fixed one. That is, since the brightness values of colors vary depending 
5 on the characteristics of a recording medium (e.g., a pH value) or ink characteristics, various other orders may 
be adopted as long as they are matched with a recording system. Furthermore, different recording orders may 
be used according to recording media. 

This embodiment is directed to recording order control means effective for an image having various re- 
cording areas, an image in which foreground and background colors are mixed, or an image in which portions 
10 having high and low dot densities are mixed like in the above embodiment 

In the recording control of the present invention including the above embodiment, an optimal recording 
order may be instructed or executed inside t he recording apparatus or on a software program such as a printer 
driver operated by a host computer connected to the recording apparatus. 

The above-mentioned recording control method can also be applied to a recording apparatus for perform- 
15 ing color recording in a frame-sequential manner while rotating a recording medium wound around a rotary 
drum, or a recording apparatus for performing color recording in a frame-sequential manner while moving a 
recording medium forward and backward in the sub-scanning direction with respect to the recording head. 



(15th Embodiment) 

20 

This embodiment corresponds to a further improvement of the first embodiment described above. More 
specifically, this embodiment pays attention to the fact that a sequential recording method like in the first em- 
bodiment has the following features which cannot be obtained by a normal ink jet printer. 

1 Blurring at an overlying portion of inks caused by sequential recording is small, and blurring at a boundary 
25 portion, which is conspicuous in different color portions, is small. 

2 The density of an overlying portion of dots formed in first and second recording processes can be expressed 
by almost an arithmetic sum of their individual densities. 

In this embodiment, multi-value gradation expression is made using inks having different densities. More 
specifically, inks ejected from first and second IJC units consist of the same color dye as a color development 

30 agent, and have different dye densities. The 1 5th embodiment of the present invention using a density ternary 
recording method will be described below. 

Fig. 38 shows an image printed according to this embodiment. In Fig. 38, a cross-hatched dot indicates a 
dot recorded by a dark ink in the first recording process, and a hatched dot indicates a dot recorded by a light 
ink in the second recording process. Fig. 38 shows dots recorded in only one color. However, the same applies 

35 to a case wherein a plurality of colors are recorded using dark and light dots for each color. For example, when 
recording colors are Y, M, and C, density ternary full-color image recording can be achieved. 

In the density ternary recording method, since a maximum of four gradation levels can be expressed per 
pixel, both the resolution and gradation characteristics can be easily improved, and high- precision recording 
can be achieved as compared to binary recording. 

40 In order to obtain a required multi-value gradation image by the density ternary recording, required image 

data (normally, multi-value data having color information) must be converted into print data allowing the density 
ternary recording, and various methods of generating such density ternary recording data are available. For 
example, an example of conversion means will be explained below wherein image data is separated into dark 
and light data with reference to a known density separation table, the separated image data are then binarized, 

45 and the binarized data are respectively supplied to IJC units for recording dark and light dots. 

Fig. 39 shows such ternary processing blocks, and Fig. 40 shows the flow of image data processing when 
this embodiment is applied to color image recording. 

In such a density ternary recording data generation method, since binarizing operations of dark and light 
data are independently performed, dark and light dots are overlaid. For this reason, when a full-color image 

50 is recorded, a total of six dots of Y, M, and C light and dark inks may be printed on one pixel. In this case, in 
a normal color ink jet recording method, the ink overflows on the upper surface of a recording sheet, and flows 
toward adjacent pixels. As a result, an image is blurred, and image quality is deteriorated (blurring). Also, the 
ink leaks from the lower surface of the recording sheet, and the lower surface cannot be used (strike through). 
For this reason, when high-quality density multi-value recording is performed, special-purpose coating paper 

55 having a high ink absorbing ability must be used. Thus, it is impossible to record a high-quality color image on 
normal paper. 

However, when the multi-color multiple print method and the density ternary recording method of this em- 
bodiment are combined, the image recorded in the first recording process is completely fixed, as described 
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above. For this reason, the state of the recording medium is restored to a state before ink recording in the first 
recording process, and a high-quality color image can be recorded on normal paper without causing blurring, 
strike through, and the like. 

As described above, since the density of the overlying portion of dots formed in the first and second re- 
5 cording processes is expressed by almost an arithmetic sum of their individual densities, the density of the 
overlying portion of dark and light dots can be estimated regardless of the characteristics of a recording me- 
dium, and processing parameters can be easily optimized. 

It is easy to design the IJC unit for ejecting a dark ink so as to have an ink ejection amount capable of 
recording dots for normal binary recording when it is used alone. With this IJC unit, both binary recording of, 
10 e.g., characters and density ternary recording of, e.g., images can be achieved. 

In this embodiment, the independent IJC units for respectively ejecting dark and light inks are used. Al- 
ternatively, ink tank units respectively storing dark and light inks may be detachably arranged in a single ink 
jet unit When the ink tank units are exchanged to perform multi-color multiple recording using dark and light 
inks, the number of ink jet units can be halved, and high-quality color recording can be achieved at low cost. 
is When a single IJC unit integrated with a recording unit capable of ejecting both dark and light inks is used, 

and is exchanged in units of colors to perform multi-color multiple recording, the registration precision of dark 
and light dots in a single color can be improved, and higher precision recording can be achieved. 

In this embodiment, dark and light ink dots of the same color are used for achieving density gradation ex- 
pression by one pixel. Alternatively, inks having the same density may be used, and dots may be overlaid by 
20 sequential recording. In this case, according to the characteristic of the recording method, i.e, since the density 
of the overlying portion of dots formed in the first and second recording processes is expressed by almost an 
arithmetic sum of their individual densities, multi-gradation expression can be achieved by one pixel. As com- 
pared to an image using dark and light inks, although granularity of a highlight portion is slightly impaired, since 
only one IJC unit is required for each color, cost can be reduced, and the registration precision of overlying 
25 dots can be improved, thus allowing high-precision recording. 

Also, IJC units having different ink ejection amounts may be used, and gradation reproduction may be ach- 
ieved by large and small dots having different areas. In this case, since the granularity of a highlight portion 
can be improved by small dots, the quality of an image such as a man's skin, which places an importance on 
the highlight portion, can be improved. Furthermore, when recording is performed using large and small dots, 
30 dots need not always be modulated by exchanging the IJC units like in this embodiment, but may be modulated 
by changing head driving conditions (head temperature, driving pulse modulation, and the like) of the main 
body. In this case, since only one IJC unit is required per color, cost can be reduced, and the registration pre- 
cision of large and small dots can be improved, thus allowing high-precision recording. 

The same effect as described above can be expected when an IJC unit in which a solvent composition 
35 other than the dye of a recording ink is changed to control the way of blurring on a recording sheet, and one 
or both of the dot density and the dot area are changed, may be used. 

In addition, the same effect as described above can be expected when an IJC unit or head driving control 
of the main body, which controls the dot shape to change the effective density including the optical dot gain, 
may be used. Figs. 41 A to 41C show examples wherein the effective density is changed by dot shapes. 

40 

(16th Embodiment) 



In this embodiment, multi-value gradation expression is performed by shifting pixels by half a pixel. In the 
arrangement of the above embodiment, first and second IJC units whose ink ejection orifice positions are shift- 
ed by half a pixel are used, so as to have different recording dot positions in the first and second recording 
processes. The 16th embodiment of the present invention using a half-pixel-shifted dot overlaying ternary re- 
cording method will be described in detail below. 

Fig. 42 shows an image printed according to this embodiment. In Fig. 42, a cross-hatched dot indicates a 
dot recorded by the first IJC unit in the first recording process, and a hatched dot indicates a dot recorded by 
the second IJC unit in the second recording process. Fig. 43 shows the positional relationship of the ejection 
orifices of the first and second IJC units used in the recording method of this embodiment, and shows dots 
recorded in only one color. However, the same applies to a case wherein a plurality of colors are recorded using 
dots shifted by half a pixel. For example, when recording colors are Y, M, and C, ternary full-color image re- 
cording can be achieved. 

In the half-pixel-shifted dot overlaying ternary recording method, since a maximum of four gradation levels 
can be expressed per pixel, both the resolution and gradation characteristics can be easily improved, and high- 
precision recording can be achieved as compared to binary recording. 

In order to obtain a required multi-gradation image by the half- pixel-shifted dot overlaying ternary recording 
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method, required image data (normally, multi-value data having color information) must be converted into print 
data allowing the half- pixel-shifted dot overlaying ternary recording. Various methods of generating such tern- 
ary recording data are available. Of these method, a ternary recording method in which ternary processing 
blocks including the density selection table described in the above embodiment with reference to Fig. 39 are 
5 used, a dark data signal is input to the IJC unit for the first recording process, and an OR signal of light and 
dark data is input to the IJC unit for the second recording process, is known. Fig. 44 shows such ternary proc- 
essing blocks. 

In the dot overlaying ternary recording method, the surface density of the recorded ink is increased as a 
whole. For this reason, the edge shape of each recording dot becomes unstable due to the above-mentioned 

w burring, and image sharpness is impaired. For this reason, when high-quality density multi-value recording is 
performed, special-purpose coating paper having a high ink absorbing ability must be used. Thus, it is impos- 
sible to record a high-quality color image on normal paper. 

However, when the multi-color multiple print method and the half-pixel-shifted dot overlaying ternary re- 
cording method of this embodiment are combined, an image recorded in the first recording process is com- 

15 pletely fixed. For this reason, since the state of the recording medium is restored to a state before ink recording 
in the first recording process, blurring at the overlying portion of the ink in the second recording process is 
small, and a high-quality image whose blurring is minimized can be recorded without impairing image sharp- 
ness. 

As described above, since the density of the overlying portion of dots formed in the first and second re- 
20 cording processes is expressed by almost an arithmetic sum of their individual densities, and recording can 
be performed at a higher density than normal dot overlaying recording, a high-contrast image can be recorded 
as well. 

Furthermore, since a sufficient density can be obtained by covering one pixel with at least two dots, an 
image can be recorded on normal paper by utilizing an IJC unit, which is designed for special- purpose coating 
25 paper, and has a small ink ejection amount. 

In this embodiment, in order to perform half-pixel-shifted dot overlaying recording, the two IJC units whose 
ink ejection orifice positions are relatively shifted by half a pixel in the alignment direction of the ejection orifices 
are used, and monochrome multiple recording is performed by exchanging the IJC units. Alternatively, heads 
. whose ink ejection orifice positions are relatively shifted by half a pixel in a direction perpendicular to the align- 
30 ment direction of the ejection orifices may be used. In this case, the recording dot positions of the two IJC 
units can be aligned by electrical correction at the main body side, and two heads can be equivalently used 
when normal binary image recording is performed. 

The same effect as described above can be obtained when an IJC unit using an ink jet unit, in which the 
shapes of ejection orifices and nozzles are changed to control the ejection direction so as to consequently shift 
35 recording dots by half a pixel, may be used. 

Dots may be shifted by changing the back-and-forth position, right-and-left position, or recording start pos- 
ition upon feeding of a recording sheet 

The shift direction of pixels is not limited to the print main scanning direction or sub-scanning direction, 
but may be an oblique direction. In this case, since the overlying portion of dots formed in the first and second 
40 recording processes becomes small, and the recording sheet coverage of dots is increased, density nonuni- 
formity is decreased, and uniformity of an image can be improved. Fig. 45 shows an image recorded by such 
a recording method. 

Also, the same effect as described above can be obtained when a single IJC unit is used, and the recording 
dot positions in the second recording process may be mechanically or electrically shifted by half a pixel in a 
45 recording apparatus main body. 

In this embodiment, only the recording dot positions in the first and second recording processes are 
changed. However, upon combination with the recording method described in the 15th embodiment, which 
changes the density, area, and shape as other characteristics of the dot, an image with still higher image quality 
can be obtained. 

50 in this embodiment, recording dots are shifted by half a pixel. However, the present invention is not limited 

to this. For example, when the area of a recording dot is smaller than a pixel area, the shift amount is preferably 
set to be smaller than calf a pixel. In this case, since the recording sheet coverage of dots is increased, density 
nonuniformity is decreased, and uniformity of an image can be improved. 

55 (17th Embodiment) 



This embodiment relates to a high-saturation image formation method for forming an image using dots 
shifted by half a pixel and different color inks. More specifically, this embodiment uses a different-color half- 
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pixel-shifted dot recording method in which first and second IJC units whose ink ejection orifice positions are 
shifted by half a pixel are used in the arrangement of the above-mentioned embodiment, the recording dot 
positions in the first and second recording processes are different from each other, and ink colors in ihe first 
and second recording processes are also different from each other. The 17th embodiment will be described 
5 in detail below. 

As an example of an image printed according to this embodiment, an image shown in Fig. 45 is quoted. 
In Fig. 45, a cross-hatched dot indicates one of Y, M, and C color dots recorded by the first IJC unit in the first 
recording process, and a hatched dot indicates a Bk dot recorded by the second IJC unit in the second recording 
process. In this manner, in the dot recording method for shifting only Bk dots by half a pixel, since the overlying 
10 amount between each Bk dot and another color dot is small as a whole, blurring of t he Bk dot, and color turbidity 
can be minimized, and a high-saturation image can be obtained. 

In the dot recording method for shifting different color dots by half a pixel, Bk dots have large unnecessary 
dot overlying portions with adjacent dots in a halftone image having a high recording sheet coverage of dots, 
and considerable color turbidity is often caused by even slight blurring. In particular, this phenomenon is con- 
15 spicuous on normal paper having a low ink absorbing ability. Thus, it is impossible to form a high-saturation 
color image on normal paper. 

However, when the multi-color multiple print method and the different-color half- pixel-shifted dot recording 
method of this embodiment are combined, an image recorded in the first recording process is completely fixed, 
as described above. For this reason, since the state of the recording medium is restored to a state before ink 
20 recording in the first recording process, blurring at the overlying portion of the ink in the second recording 
process is small, and a high-saturation image whose blurring is minimized and which is free from color turbidity 
can be recorded on normal paper. 

In this embodiment, the different- col or half-pixel-shifted dot recording is performed between Bk dots and 
other color dots. However, the half-pixel-shifted dot recording may be performed for each of Y, M, and C colors 
25 as well. With this arrangement, the dot overlying amount is decreased, and the ratio of image whose color is 
generated by neighboring color mixture is increased, the degree of influence of the ink blurring characteristics 
of a recording sheet on a color tone is decreased, and stable color reproduction can be attained regardless of 
the type of recording sheet. 

In this embodiment, a high-saturation recording method has been described. However, upon combination 
30 with the multi-gradation recording methods described in the 1 5th and 1 6th embodiments, a high-quality color 
image can be recorded on normal paper. 

(18th Embodiment) 

35 In each of the above embodiments, the present invention is applied to a recording method using an ink 

jet recording apparatus, which mounts a single IJC unit for ejecting one color ink. However, the present inven- 
tion is not limited to this. For example, an ink recording means for performing color recording on a recording 
medium by ejecting a plurality of color inks may be used. In this case, first ink recording may be performed 
by ejecting the first ink in the first process, and after a recording medium is discharged outside the apparatus, 
40 second ink recording may be performed by ejecting the second ink in the second process. 

In each of the above embodiments, the same effect can be expected even when another recording process 
is inserted between the first and second processes. 

In each of the above embodiments, the density separation table is used as density image data conversion 
means. Alternatively, print multi-value data may be directly generated using a plurality of threshold values in 
45 the binarizing process. 

As a binarizing method of print data generation means, a known dither method (an error diffusion method, 
an average density preservation method, a least mean error method, a systematic dither method, and the like), 
a density pattern method, a pixel distribution method, and the like may be used. In each of the above embodi- 
ments, ternary recording has been described. However, the recording method of the present invention is ef- 
50 fective in ternary or higher recording. 

As described above, according to the 15th to 18th embodiments of the present invention, multi-gradation 
color recording and high-saturation color recording can b asily realized with high image quality. 

(19th Embodiment) 

55 

In th first embodiment described above, the following drawbacks may still be caused. More specifically, 
in a recording apparatus, in which the reception order of color-separated information in units of colors is de- 
termined, rf an ink recording head matching with a given color is not attached to th recording apparatus in 
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the order of information, a required image cannot be obtained. The head matching with the information may 
not be mounted for the following reason. That is, since different heads must have substantially the same shape 
so as to mount ink recording heads of different colors on a single mounting portion, an operator may perform 
an erroneous operation or may erroneously mount the head. This error may be caused more often with heads 
5 which store inks having the same color but different densities (to be referred to as recording heads under dif- 
ferent conditions including the above-mentioned case). 

This embodiment solves the drawbacks of the first embodiment 

Fig. 46 is a diagram showing the overall system of this embodiment. In Fig. 46, a recording apparatus main 
body 317 comprises a means 313 for discriminating the type of recording data from recording data 320, and 

10 a means for identifying a recording element 301 based on a recording head ID 300. When recording data is 
input to the recording apparatus main body 317, the type of recording data and the type of recording head are 
recognized by the means 31 3 and 314, and a discrimination means 315 discriminates if they coincide with each 
other. The way of processing according to this discrimination result is determined by a recording mode 316. 
Since operations required for exchanging recording heads or re-feeding a recording medium by a user vary 

15 according to a method of supplying recording data corresponding to each recording head 302 to the recording 
apparatus 317, efficient recording can be performed depending on the way of processing for the above- 
mentioned discrimination result 

When the types of recording data and the type of recording head coincide with each other, this recording 
data is selected, and a signal corresponding to the data is supplied to a recording element of the recording 

20 head, thus recording the data on a recording medium. When the types of recording data and the type of re- 
cording head do not coincide with each other, processing is changed by the recording mode 31 6. As one mode, 
recording is interrupted, and the control asks for a user's decision. In this case, the content of the decision is 
whether recording is performed without exchanging recording heads, or recording is restarted by mounting 
another recording head corresponding to the input recording data. 

25 As another mode, data other than that corresponding to the recording head is inhibited and is not used, 

and no recording is performed. More specifically, only recording data corresponding to the recording head is 
selected, and is supplied to the recording element to execute recording. As still another mode, an alarm is gen- 
erated, and after an elapse of a predetermined period of time, recording is restarted. In this mode, the above- 
mentioned user's decision is preferably accepted within the predetermined period of time. 

30 When the recording mode 316 for selecting recording data in advance is set, as shown in Fig. 47, the dis- 

crimination means 315 determines if the type of recording data and the type of recording head selected by a 
user coincide with each other. Processing for this determination result can be equivalent to the above- 
mentioned processing for the relationship between the recording data and the recording head. 

Furthermore, when the type of recording data and the type of recording head are recognized, and it is 

35 checked if they coincide with each other, information for identifying the recording head may be displayed on 
the recording head, the recording apparatus main body, or a host apparatus. With this arrangement, a user 
can easily recognize the type of recording head, and user's operability can be improved. 

It is also useful if the type of recording head is identified, and only recording data corresponding to the 
type of head is requested to the host apparatus. With this method, the recording heads can be efficiently ex- 

40 changed. In particular, this method is effective when full-color recording is performed. 

As an example of the recording head ID, a method in which a resistor having a resistance indicating the 
type of head is arranged in the recording head is available. In this case, the recording apparatus main body 
is provided with a contact for connection with the resistor, and a means for reading the resistance, and the 
type of recording head is identified based on the resistance. 

45 As another example of the recording head ID, as shown in Fig. 48, a method in which a bar code 330 in- 

dicating the type of head is provided on the surface of a recording head IJC to extend in the carriage moving 
direction is available. In this case, as shown in Fig. 49, a means for radiating a light beam onto the bar code 
and a detection means 340 for detecting light reflected by the bar code are fixed to the recording apparatus 
main body. A carriage is moved toward the detection means at a constant speed, and the information of the 

so bar code is read by the recording apparatus main body on the basis of a change in signal of the reflected light 
over time, thereby identifying the type of head. In place of the bar code, it is effective to use a magnetic code 
and a magnetic sensor. 

(20th Embodiment) 

55 

The 20th embodiment for executing recording by discriminating recording data will be described below. 
In the 19th embodiment, the recording apparatus main body supplies only recording data corresponding 
to a recording head to th recording head. In this embodiment, as shown in Fig. 50, the recording head itself 
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selects recording data from a recording signal using a selection means 303, and records the selected data on 
a recording medium. In a recording apparatus main body 317, contact terminals (Va, Vb, and Vc) for supplying 
voltages to a recording head 302 in units of types of recording data are separaieiy arranged, and other contact 
terminals for, e.g., driving signals, are used commonly to the different types of recording data. As shown in 
5 Fig. 51, the recording head has voltage driving contact terminals (Va, Vb, and Vc) in units of types of recording 
data, only a voltage driving contact terminal (Va in Fig. 51) corresponding to the type of recording head is cou- 
pled to the recording element, and other voltage driving contact terminals (Vb and Vc in Fig. 51) are insulated 
from the recording element. In the recording apparatus main body, only when recording data is supplied to the 
recording element, a driving voltage is applied to the driving voltage terminal of the recording head correspond- 
to ing to the recording data. With this arrangement, the recording head can record only the corresponding re- 
cording data on a recording medium. 

With the arrangement shown in Fig. 52 as well, the same effect can be obtained. When recording data is 
supplied from the recording apparatus main body, a signal for identifying the type of data is simultaneously 
supplied to recording head terminals (Tri.A, Tri.B, and Tri.C in Fig. 53), and the recording head determines 
15 based on the input signal if corresponding recording data is supplied. If the recording data determines that 
corresponding recording data is supplied (the signal to Tri.A in Fig. 53), a driving voltage (Vh) is applied to the 
recording element, and recording is performed. If the recording head determines that the recording data iden- 
tification signal is not a corresponding one, no driving voltage is applied to the recording element, and the input 
signal is directly returned to the recording apparatus main body. Upon reception of the signal, the recording 
20 apparatus main body inhibits carriage movement associated with recording, thus preventing wasteful move- 
ment of t he carriage. 

(21st Embodiment) 

25 The 21 st embodiment for executing recording by discriminating recording data wfll be described below with 

reference to Fig. 54. 

The 19th embodiment has the means for discriminating whether or not the type of recording head and the 
type of recording data coincide with each other. As shown in Fig. 54 this embodiment leaves selection of re- 
cording data to a user so as to entrust a decision of a coincidence between data and a recording head to the 
30 user, thereby omitting information associated with the type of recording head to be supplied to the recording 
apparatus main body. 

In this system arrangement, the type of recording head need be easily identifiable by a user. For this pur- 
pose, a label 304 indicating the type is attached to the recording head, or the head is designed to have a color 
or shape expressing the type. Also, the type of recording data supplied to the recording apparatus main body 
35 and the type of recording data selected by the recording apparatus main body are displayed on the main body 
or the host apparatus. With these arrangements, a recording method in which recording heads are selectively 
used according to the type of recording information can be easily executed. 

Also, as shown in Fig. 55, an ID 300 of a recording head 302 may be supplied from a recording apparatus 
main body 31 7 to a host apparatus 322, so that selection control 321 of recording data is executed by the host 
40 apparatus. 

In the 1 9th to 21 st embodiments, a recording signal may assume a case wherein information color-sepa- 
rated by the host apparatus is transmitted sequentially (in the predetermined color order or randomly) or si- 
multaneously to the recording apparatus, a case wherein information input to a memory of the recording ap- 
paratus is color-separated by an internal circuit of the recording apparatus, or a case wherein a color identifi- 

45 cation memory of the recording apparatus has a driver for supplying color information selectively or in a pre- 
determined order to the recording head. 

As a means for discriminating or selecting these pieces of information, there may be proposed a means 
for enabling recording by checking matching between head information (an ID, including a barcode, magnetic 
information, an indication to be optically detected, a change in mechanical shape (e.g., presence/absence of 

50 projections), for indicating ink characteristics of a head) and recording information, a means for enabling re- 
cording by a head itself on the basis of only information matching with the head, a means for discriminating 
the predetermined color information order and the order of mounted heads, a discrimination means including 
an indication to a user, and the like. 

When the above-mentioned recording method is executed in correspondence with a correlation between 

55 recording data and a recording head, a color image can be obtained more reliably. 
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(22nd Embodiment) 

Since the method of each of the above embodiments requires a plurality of processes to form an image, 
a problem about recording position precision in units of processes may often be posed. There are two major 
5 causes for the position precision errors. 

One cause is a recording position precision error caused by paper feed position precision since a recording 
medium is fed/discharged a plurality of number of times. 

The other cause is recording position precision error caused by cartridge position precision since a car- 
tridge is attached/detached a plurality of number of times. 
10 These causes for varying the recording position make it difficult to obtain very high image quality in the 

above-mentioned ink jet recording method. 

This embodiment can solve these drawbacks. 

Fig. 56 is a diagram showing the overall system of the 22nd embodiment. The arrangement of this em- 
bodiment is substantially the same as that shown in Fig. 10, except that an IJC convey unit having an IJC con- 
15 vey means 270 for conveying an IJC unit onto a recording medium, a position error correcting means 223 or 
233 for correcting a recording position error of the IJC unit, and a position error detect unit 280 for detecting 
a recording position error of the IJC unit, and supplying the detection value to at least one of a host unit 232 
and a control unit 222 are added as a new arrangement 

Note that the position error correcting means 223 or 233 may be arranged in at least one of the host unit 
20 232 and the control unit 222. 

(Overall Control Flow) 

An operation executed when recording is performed using the recording apparatus with the above ar- 

25 rangement will be described below with reference to the flow chart of Fig. 57. 

If it is determined in step S1100 that a print command is input, it is checked in step S1 110 if a recording 
medium need be fed. If Y (YES) in step S1110, paper feeding processing of the recording medium is executed 
by the recording medium convey means in step S1120. At this time, if a recording head need be exchanged 
with another or attached/detached, the corresponding operation is performed (S1130). In step S1140, a re- 

30 cording position error caused upon re-feeding of the recording medium or attachment/detachment of the re- 
cording head is detected (the details of the position error detect means will be described later). 

In step S1150, position error correction is performed by the position error correcting means according to 
the position error detect means (the details of the position error correcting means will be described later). 
Thereafter, print pattern information from the host unit is converted by a printer driver into a format suitable 

35 for the controller (or control) unit, and the converted information is transferred. The controller unit drives the 
IJC convey unit according to the transferred print information so as to scan the IJC unit to a correct recording 
position, and executes recording. Thus, the print operation for one line of data is completed (S1160). Simulta- 
neously with completion of the print operation for one line, the recording medium is fed by one line, and it is 
then checked if the recording medium need be discharged (S1170). 

40 In this case, the recording medium is discharged according to a command from the host unit or is dis- 

charged since a print region of the recording medium is ended. If the recording medium need be discharged, 
the recording medium is discharged outside the apparatus using a paper discharge means in step S11 80. Upon 
repetition of the above-mentioned operations, the print operation on the recording medium can be executed 
while detecting and correcting the recording position error. 

45 

(Detection of Recording Position Error Amount) 

The detect means for detecting the recording position error amount in the recording operations will be de- 
scribed in detail below with reference to the accompanying drawings. 
so Figs. 58A and 58B show position error amount detection patterns of recording practiced in this embodi- 

ment Fig. 58A shows a position error detection pattern printed at a designated position of a recording medium 
at the beginning of recording executed by a head in a first process. An ink recording means for performing 
recording in the first process serves as a reference position for detecting a position error amount upon exe- 
cution of recording in subsequent processes. Fig. 58B shows a state wherein a position detection pattern is 
55 printed at a designated position of the recording medium at the beginning of recording executed by an ink re- 
cording means in a second process. The position detection pattern in the first process has divisions at 10-mm 
intervals, while the position error detection pattern in the second process has divisions at 9-mm intervals. 

Thus, the position error amount is detected as follows. For example, as shown in Fig. 58B, when the fifth 
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division position of the position error detection pattern printed in the first process coincides with the sixth di- 
vision position of the position error detection pattern printed in the second process, since the 50-mm position 
(10*5) in the first process coincides with the 54- mm position (9*6) in the second process, it can be detected 
that the recording positions in the first and second processes are shifted by +4 mm in the paper convey di- 

5 rection (to be referred to as a main scanning direction hereinafter). 

Similarly, when a difference between horizontal position error detection patterns (not shown) printed in 
the first and second processes is read, an error amount in a direction perpendicular to the paper convey di- 
rection (to be referred to as a sub-scanning direction hereinafter) can be easfly detected. 

As described above, the first process is a process for performing recording on a recording medium using 

10 a first ink, and the second process is a process in which the recording medium discharged outside the appa- 
ratus by the paper discharge means after the end of recording in the first process using the first ink is re-fed 
into the apparatus by the recording medium convey means, and recording is restarted after a head cartridge 
is exchanged with another to perform recording using a second ink. 

In this embodiment, the position error detection patterns and their print positions are set in advance in 

15 accordance with the types of head cartridge, and the same pattern will not be repetitively used among the 
cartridges. The type of cartridge is detected by a type discrimination means of the IJC unit For example, a 
known head type discrimination means such as a method wherein a predetermined position of a signal line of 
a head is cut, and the type of cartridge is discriminated based on open/close information of the signal, and 
the like may be used. 

20 in this embodiment, since the position error detection patterns are printed on the recording medium, im- 

ages (position error detection patterns) other than an image requested by a user remain on the recording sur- 
face. When a user does not want to leave the position error detection patterns on the recording surface, a 
detection sheet may be attached to the recording medium, as shown in Fig. 59. More specifically, the above- 
mentioned position error detection patterns are printed on the detection sheet, and after the required recording 

25 processes are completed, the detection sheet is peeled off. Thus, the position error amount can be detected 
without contaminating the recording surface. The detection sheet preferably has an adhesive layer, which can 
be easily peeled off from the recording sheet. 

(Correction of Recording Position Error) 

30 

The correcting means for correcting the recording position error amounts in the recording operations will 
be described in detail below with reference to the accompanying drawings. 

Fig. 60 is an explanatory view of the correcting means for correcting the error amount of the recording 
position in the sub-scanning direction practiced in this embodiment. When there is no special designation from 

35 the host unit, the printer driver develops a pattern to be printed, and writes the developed pattern in a memory 
means of the control unit in a left-shifted state. Thereafter, the print operation is performed at a designated 
position according to the information on the memory means. In this embodiment, since an initial recording pos- 
ition is a position separated by 3 mm from the left edge of a recording sheet, the print operation is started from 
the position separated by 3 mm from the left edge of the recording sheet. A recording position offset can be 

40 set by a command. For example, when a user sets to start the print operation from a position separated by 5 
mm from the left edge, the initial recording position must be offset by 2 mm in the sub-scanning direction. A 
general processing means in this case will be explained below. 

The printer driver stores margin data for 2 mm at the beginning of the memory means before it stores print 
data in the memory means, and thereafter, stores the print data. Since a recording means starts the print op- 

45 eration of print data including the margin data from the position separated by 3 mm from the left edge as a 
reference left-margin position, the print operation is consequently started from a position separated by 5 mm 
from the left edge, thus realizing the user's condition, i.e., the 5-mm left margin. 

In this embodiment, the recording position error in the sub-scanning direction is corrected by changing 
the left margin. For example, assume that a left margin value set by a user is 5 mm, and a recording position 

50 error amount obtained by the above-mentioned means is +1 mm. More specifically, if the print start position 
in the immediately preceding process is a 5-mm position, the sub-scanning positions in two processes can 
coincide with each other by starting the print operation from a 6-mm (=5 + 1) position in the current process. 
Main causes of the error are an error caused by paper feeding position reproducibility upon re-feeding of a 
recording medium, and an error caused upon exchange of ink cartridges. Thus, in this embodiment, in order 

55 to correct the recording position error in units of processes, control is made by the position error correcting 
means of the host unit as if the left margin were 6 mm in this print process only. More specifically, the printer 
driver stores margin information for 3 mm in the memory means, and thereafter, stores print data. Under the 
above-mentioned control, the actual recording position corresponds to the 3-mm reference left-margin position 
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+ the 3-mm margin, i.e., a total of 6-mm margin, and recording is started after this margin. In this manner, the 
print operation can be performed while correcting a variation in recording position in units of processes. 

The error amount in the main scanning direction is corrected by controlling a head margin setting value 
like in correction of the error amount in the sub-scanning direction. More specifically, if the head margin s tting 
5 value is 5 mm, and the error amount in the main scanning direction is +1 mm, control is made to have a head 
margin of 6 mm (=5+1), thus correcting the error amount in the main scanning direction. 

In this embodiment, since the detection value of the position error amount is input by a user to the host 
unit, the recording position error amount is corrected by margin information set by the printer driver in the mem- 
ory means of the control unit. Alternatively, the position error correcting means may be provided to the control 
10 unit, and a user may input data to the control unit via an interface. In this case, the position error correcting 
means is controlled to increase/decrease a margin of print information on the memory means set by the printer 
driver according to a position error correction value. 

As described above, since the apparatus comprises the recording position error detect means for detecting 
a recording position error in units of recording processes, and the recording position error correcting means 
15 for correcting the recording position error in units of recording processes, the recording position error in units 
of processes can be eliminated even in an ink jet recording method including a plurality of paper feed/discharge 
processes, and a plurality of attachment/detachment operations of ink recording means, and a high-image qual- 
ity ink jet recording apparatus using a plurality of ink recording means can be provided without deteriorating 
compact, low-cost, and easy-to- handle features of the apparatus itself. 

20 

(23rd Embodiment) 

In the above embodiment, a user detects the error amount. However, an apparatus may automatically de- 
tect the error amount without asking for a user's decision. 
25 In this embodiment, the recording position error amount is detected by a reflection type sensor (not shown) 

mounted on the ink jet head JJH shown in Fig. 5. A detection operation will be described in detail below with 
reference to the flow chart shown in Fig. 61. 

If a paper feed command is input in step S1210, the driving motor 501 3 of the carriage is driven to convey 
the carriage HC to a convey path position of a recording medium P (S1220). In step S1230, a recording medium 
30 convey means is driven to feed the recording medium P. The number of pulses for driving a driving motor (step- 
ping motor; not shown) generated until the recording medium P is detected by the reflection type sensor mount- 
ed on the IJH is detected, thereby detecting the leading edge position of the recording medium P (S1240). 
Then, in step S1250, the driving motor 501 3 for scanning the carriage HC is rotated in the forward and reverse 
directions so as to detect the left edge position of the recording medium in the same manner as detection of 
35 the leading edge position of the recording medium. 

As described above, every time the recording medium P is fed, Le., every time an ink recording means is 
exchanged with another, the recording position error (a difference from the recording position in the imme- 
diately preceding process) is detected by the reflection type sensor mounted on the IJH, and the position error 
information is transferred to a position error correcting means of a host unit or a control unit. Thus, t he recording 
40 position error is corrected without asking for user's processing (decision), and high-image quality recording 
can be realized. As described above, the main causes of the error are an error caused by paper feeding position 
reproducibility upon re-feeding of a recording medium, and an error caused upon exchange of the ink recording 
means. In this embodiment, however, since the sensor mounted on the ink recording means is used, a detection 
reference is the ink recording means position after the ink recording means is mounted, and the error caused 
45 upon exchange of the ink recording means can be eliminated. Also, since the paper feeding position of the 
recording medium is detected every time the recording medium is fed, the error caused by paper feeding pos- 
ition reproducibility upon re-feeding of the recording medium can also be eliminated. Therefore, the recording 
position error can be precisely detected. 

Furthermore, in the above embodiment, the print positions of the position error detection patterns are 
so changed in correspondence with the types of recording heads. However, the position error detect means of 
this embodiment need not detect the type of ink recording means. 

In this embodiment, the reflection type sensor is mounted on the ink recording means. However, in an 
apparatus in which the error caused upon exchange of the ink recording means is sufficiently small, the re- 
flection type sensor may be mounted on the carriage HC so as to reduce cost of an ink ejection means. As 
55 the reflection type sensor, a normal sensor, which is mounted as a paper width sensor in a serial printer for 
scanning a carriage, integrally comprises a light-emitting element and a light-receiving element, and detects 
the presence/absence of a recording medium according to the level of reflected light received by the light- 
receiving element, may be used. 
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Under the above-mentioned control, the recording position error in units of recording processes can be 
detected by the apparatus alone without asking for a user's operation. 

Since the arrangements and operations except for the recording position error det ct means for detecting 
the recording position error in units of recording processes are the same as those in the above embodiment, 
5 a detailed description thereof will be omitted. 

(24th Embodiment) 

Each of the 22nd and 23rd embodiments has means for detecting the recording position error in units of 

10 recording processes, and correcting the print position according to the detection value. Alternatively, a means 
for preventing a recording position error of a practical use level may be used. 

As described above, the main causes of the error are an error caused by paper feeding position reprodu- 
cibility upon re-feeding of a recording medium, and an error caused upon exchange of ink recording means. 
In this case, the error amount caused upon exchange of ink recording means is normally several tens of urn, 

15 and the error amount caused by paper feeding position reproducibility upon re-feeding of a recording medium 
is normally several hundreds of um. Therefore, a dominant error factor is normally caused by the paper feeding 
position reproducibility. Therefore, in this embodiment, a recording position error of a practical use level is pre- 
vented by suppressing the error factor caused by the paper feeding position reproducibility. 

Fig. 62 is an explanatory view of a position error preventing means for preventing the recording position 

20 error. In Fig. 62, a recording medium joined on a conveying mat is conveyed. The way of improving recording 
position precision upon joining of a recording medium on the conveying mat will be described in detail below. 

The error factor caused by the paper feeding position reproducibility will be separately discussed in the 
main scanning direction (recording medium convey direction) and the sub-scanning direction. 

The main cause of a paper feeding position reproducibility error in the subscanning direction is skewing 

25 of a recording medium during a convey process. More specifically, since a recording medium is conveyed not 
precisely in the main scanning direction but obliquely in a paper feeding or convey process, the recording pos- 
ition in the sub-scanning direction varies in units of processes. Therefore, in order to eliminate this error factor, 
a guide member for guiding the two sides of a recording medium over the total length of a convey path in the 
convey process of the recording medium is arranged, thus enhancing the skew preventing effect. Normally, 

30 however, since the size of a recording medium is not fixed, a recording medium convey means and a recording 
medium convey path must correspond to a random recording medium size. For this reason, it is very difficult 
to arrange the above-mentioned convey guide contiguous with all convey paths corresponding to all recording 
medium sizes. 

However, in this embodiment, when recording is performed in a plurality of processes requiring high re- 
35 cording position precision, since a recording medium is always conveyed in a predetermined size, the convey 
guide can be exclusively arranged, and the recording position error in the sub-scanning direction can be greatly 
eliminated. Since the convey guide need not correspond to all paper types, it can be designed according to 
the characteristics (various characteristics of a conveying medium such as a making texture direction, stiffness, 
surface frictional coefficient and the like) of the conveying mat Thus, convey stability can be remarkably im- 
40 proved, and the recording position error in the sub-scanning direction can be greatly eliminated. 

A paper feeding position reproducibility error in the main scanning direction is mainly caused by an error 
of a constant registration setting means upon feeding of a recording medium. Normally, the recording apparatus 
comprises a means for setting a constant registration position of the leading edge of a recording medium by 
utilizing body (stiffness) of the recording medium. As described above, however, it is difficult to optimize control 
45 and arrangement in correspondence with all recording media having various characteristics, and the condition 
of the recording medium convey means is set so as not to pose any serious problem even for recording media 
of any characteristics. For this reason, an error is easily generated by a paper feeding means which is a par- 
ticularly sensitive means in the recording medium convey means, and utilizes body (stiffness) of a recording 
medium. 

so However, in this embodiment, when recording is performed in a plurality of processes requiring high re- 

cording position precision, since a recording medium is always a special- purpose conveying medium having 
predetermined characteristics, paper feeding stability of a recording medium (conveying mat) can be remark- 
ably improved, and as a result, the recording position error in the main scanning direction can be greatly elim- 
inated. 

>5 in order to further improve recording position precision, the conveying mat should be a medium, which 

does not change its characteristics depending on environmental conditions, but has good environm ntal sta- 
bility. 

The convey guide contiguous with the entire convey path, and the registration means utilizing body (stiff- 
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ness) of a recording medium (conveying mat) described in this embodiment are merely examples. When va- 
rious known techniques for stabilizing paper feed/discharge characteristics-conveying characteristics of a re- 
cording medium are selected in correspondenc with the characteristics of the conveying mat, or when the 
characteristics of the conveying mat are optimally selected in correspondence with the various known techni- 
ques for stabilizing paper feed/discharge characteristics conveying characteristics of a recording medium, the 
paper feed/discharge characteristics conveying characteristics of the conveying mat can be remarkably sta- 
bilized. 

As described above, since the recording medium convey means capable of improving precision of the pa- 
per feed/discharge characteristics- conveying characteristics, a dominant error factor which causes a variation 
in recording position precision in units of processes can be eliminated, and the recording position error can be 
suppressed to an allowable level in a practical use. 

Since the arrangements and operations except for the recording position error preventing means for pre- 
venting the recording position error in units of recording processes are the same as those in the above em- 
bodiment, a detailed description thereof will be omitted. 

(25th Embodiment) 

The present invention includes use of various position correction means as its invention. As an example, 
an indication portion for position detection is provided to a recording medium itself, and is detected by a contact 
method or a non-contact method (e.g., an optical sensor) to repeat forward/reverse convey operations and 
leading edge registration adjustment of the recording medium, or to correct the data recording timing. Further- 
more, in order to detect the edge or the indication portion of a recording medium, a paper width sensor attached 
to a carriage may be commonly used. 

When such examples are expressed as means, a host-side position adjustment means, a printer-side pos- 
ition adjustment means, and a position adjustment means attained by a system of the host apparatus and the 
printer are available. These means include all kinds of methods such as a mechanical adjustment method 
alone, a software adjustment method alone, a combination of these adjustment methods, and the like. 

As described above, according to the 22nd to 25th embodiments of the present invention, the recording 
position error in units of processes can be eliminated even in an ink jet recording method including a plurality 
of paper feed/discharge processes, and a plurality of attachment/detachment operations of ink recording 
means, and a high-image quality ink jet recording apparatus using a plurality of ink recording means can be 
provided without deteriorating compact, low-cost, and easy-to- handle features of the apparatus itself. 

(26th Embodiment) 

When recording operations are performed a plurality of number of times using different ink recording heads 
like in the first embodiment described above, the plurality of recording operations cannot always be performed 
in the same state, and the following problems are expected. 

(1) Fixing Characteristics on Single Recording Medium 

When a plurality of ink recording heads are used in a single ink jet recording apparatus, if a recording me- 
dium is discharged outside the apparatus after the end of a single recording process, the fixing characteristics 
of an image are relatively stable. Even when re-recording is performed, the recording medium is restored to 
a dried state before ink recording is performed. However, when recording is performed at a very high duty, 
an image is not fixed very easily, and it often takes a long period of time to restore the recording medium to a 
sufficiently dried state. There are various kinds of recording media, and the fixing time varies depending on 
the kinds of recording media. For example, an OHP sheet requires a particularly long fixing time. Furthermore, 
in, e.g., a high-humidity environment, an image is difficult to fix as compared to a normal environment, and 
the fixing characteristics vary depending on the environment of the ink jet recording apparatus. As described 
above, when the next recording is performed on a single recording medium on which an image formed in the 
immediately preceding process is not sufficiently fixed, a different or same color ink is printed on the ink re- 
maining on the recording medium, and blurring is caused at their boundary. 

(2) Influence of Ink Recording Head Temperature on Image Quality 

When recording operations on a single recording medium are performed for a plurality of r cording media, 
the ink recording heads are not always in the same state, and the temperature rise upon continuous execution 
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of recording is different from that upon intermittent execution of recording. Also, the temperature rise of the 
ink recording head varies depending on the print duty. When the temperature of the ink recording head varies, 
the ejection amount varies accordingly even under the same driving condition, and the density is chang d con- 
sequently. In a monochrome image, even when the density is changed more or less, it is not so conspicuous. 
5 However, when the density of a color image is changed, the colortone is changed, and such a change becomes 
visually conspicuous. That is, even though images are recorded by the same method, they have different color 
tones. 



(3) Variation Among A Plurality of Ink Recording Heads 



10 



When recording is performed on a single recording medium using a plurality of ink recording heads, the 
ink recording heads suffer from a variation, e.g., a variation in optimal driving energy value. When such heads 
are used as they are, the following adverse effects appear. For example, when the heads are driven by energy 
higher than an optimal value, the service life of the ink recording heads may be shortened. Conversely, when 
is the heads are driven by energy lower than the optimal value, ejection may be disabled or irregular ejection 
may be performed. 

The 26th embodiment can solve the above-mentioned problems. A method of controlling a driving se- 
quence for maintaining high image quality in an ink jet recording apparatus for performing recording on a single 
recording medium using a plurality of ink recording heads will be described below. 
20 Fig. 63 is a flow chart showing a driving sequence for practicing the present invention. When exchange 

of ink recording heads is detected or recognized by an exchange detect means (step S1000), a mode of the 
ink recording head is detected or recognized (step S1001). 

When a mode using a plurality of ink recording heads (multi mode) is detected or recognized, aging of the 
ink recording head is performed (step S1002). The state of the ink recording head can be tested by detecting 
25 the temperature rise of the ink recording head during aging. For example, an ejection amount is predicted based 
on the temperature rise within a predetermined period of time. In an efficient ink recording head, most of energy 
is used for ejecting an ink, and the temperature rise of the ink recording head caused by waste energy is small. 
However, in an ink recording head having poor efficiency, since energy is considerably wasted, the ejection 
amount is decreased accordingly, and the temperature of the ink recording head undesirably rises. Therefore, 
30 the ejection amount can be predicted from the temperature rise of the ink recording head during aging. When 
an ink recording head suffers from an ink omission state, the temperature of the head immediately rises. This 
abnormality can be detected before a print operation. Furthermore, in the multi mode, since recording oper- 
ations are performed a plurality of number of times on a single recording medium, even a single erroneous 
recording operation considerably affects image quality as compared to a normal mode using a single ink re- 
35 cording head (normal mode). Therefore, aging is also effective for improving reliability. 

Ink recording head driving conditions such as a driving frequency, a driving voltage, a driving pulse, and 
the like are set in the multi mode as a unique driving mode for performing recording operations a plurality of 
number of times on a single recording medium (steps S1003 to S1005). 

The driving frequency is set to be lower than that in the normal mode since an importance is placed on 
reliability of high-quality recording. Also, reliability may be improved by setting an optimal frequency for each 
ink recording head. Conversely, in the multi mode, since recording operations are performed a plurality of num- 
ber of times on a single recording medium, the print time is prolonged as compared to the normal mode. Thus, 
the driving frequency may be increased so as not to deteriorate image quality, so that the print time can be 
shortened. 

45 The driving voltage must be set for each ink recording head. Since the driving voltage is an important factor 

for determining energy necessary for an ink recording head to perform ejection, if the ink recording head is 
driven by unnecessarily high energy, the service life of the ink recording head is shortened. Conversely, when 
energy is too low, normal ejection is disturbed. Therefore, when heads are exchanged, in particular, in the multi 
mode in which heads are exchanged frequently, the driving voltage must be set in correspondence with each 

50 ink recording head. 

The driving pulse is also an important factor for determining energy necessary for an ink recording head 
to perform ejection as well as the driving voltage. Furthermore, the ejection amount can be controlled based 
on the pulse width or using multi-pulses. Therefore, when the driving pulse is set for each ink recording head, 
jection amount control in units of ink recording heads can be realized. When the state of the ink recording 
55 head is detected during aging, the ejection amounts of the respective ink recording heads can be uniformed. 
Thus, ejection amount control can be performed to follow a change in state of th ink recording head, e.g., a 
change over time or a temp ratur rise due to ejection of a singl ink recording h ad. 
In th normal mode, normal conditions are set (steps S1006 to S1009). 
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Fig. 64 shows a detailed driving sequence executed when Bk, C, M, and Y ink recording heads are used. 
When it is detected that ink recording heads are exchanged, the mode of the ink recording head to be used 
next is detected or recognized. If the multi mode is detected or recognized, the type of ink is sequentially dis- 
criminated. In the normal mode, the Bk ink recording head is normally used. However, since a Bk ink is some- 
5 times used in the multi mode, the head can be selectively used based on, e.g., a head ID from the head for 
the normal mode. 

It is checked if the exchanged head is a Bk ink recording head. If the exchanged head is a Bk ink recording 
head, the state of the ink recording head is checked by a head test by means of aging, and driving conditions 
unique to the Bk ink recording head are set in correspondence with the test result. If it is determined that the 

10 exchanged or new head is not a Bk ink recording head, it is checked if the exchanged head is a C ink recording 
head. If the exchanged head is a C ink recording head, aging is performed like in the Bk ink recording head, 
and driving conditions unique to the C ink recording head are set. Furthermore, if it is determined that the ex- 
changed head is not a C ink recording head, it is checked if the exchanged head is an M ink recording head. 
If the exchanged head is an M ink recording head, driving conditions unique to the C ink recording head can 

15 be set; otherwise, driving conditions unique to a Y ink recording head can be set. In this embodiment, the type 
of ink is discriminated in the order of Bk, C, M, and Y. However, the head can be discriminated by the same 
method regardless of the discrimination order or the number of types of ink recording heads, and driving con- 
ditions unique to the multi mode can be set. 

As described above, the mode for performing recording operations a plurality of number of times on a single 

20 recording medium is detected or recognized, and the driving conditions and sequence are set in the unique 
multi mode, so that high-image quality recording can be realized even when a plurality of ink recording heads 
are used. 

(27th Embodiment) 

25 

In this embodiment, a driving method which pays attention to the fixing characteristics of an ink so as to 
maintain high image quality when recording operations are performed a plurality of number of times on a single 
recording medium will be explained. 

When recording operations are performed a plurality of number of times on a single recording medium, 

30 the behavior of an ink landing on a new recording medium is different from that on a recording medium which 
is subjected to several recording operations, and on the surface of which an ink or an ink component remains. 
In the latter medium, if a different ink is used, it causes blurring due to color mixing. In order to prevent this, 
the previous ink is sufficiently fixed, and recording is resumed when the recording medium is restored to a 
dried state close to a state before ink recording. However, cost is considerably increased if, e.g., a fixing device 

35 for merely fixing the ink is arranged. 

In this embodiment, a fixing time for improving the fixing characteristics without increasing cost is set. More 
specifically, the fixing time is set by using a sequence shown in Fig. 65. If a mode using a plurality of ink re- 
cording heads (multi mode) is detected, a carriage moving speed (to be referred to as a CR speed hereinafter) 
and a recording medium convey speed (to be referred to as an LF speed hereinafter) are set to be different 

40 from those in a normal mode (steps S1010and S1011). The CR and LF speeds in the multi mode may be 
uniquely set to be lower than those in the normal mode, or may be set in correspondence with each ink re- 
cording head. Thereafter, other driving conditions are set to prepare for recording (step S1012). In the normal 
mode, the CR and LF speeds are restored to normal speeds, and other driving conditions are re-set to prepare 
for recording. The CR and LF speeds can be independently set, and are set to have values according to the 

45 mode, the ink recording head to be used, and a recording medium (steps S1013 to S1015). 

This method is effective for multi-pass recording (recording for one line is performed by a plurality of pass- 
es). That is, the CR and LF speeds can be set, so that a print operation in a given pass can be performed 
after an ink printed in the immediately preceding pass is sufficiently fixed. 

Alternatively, the CR and LF speeds during printing may be left unchanged, and after the print operation 

so for one page, a recording medium may be left in position for a while to promote fixing in place of discharging 
the recording medium immediately. In this case, since the recording medium is not discharged from the ap- 
paratus, a user can be prevented from touching an unfixed recording medium, and as a result, deterioration 
of image quality can be prevented. The stop time may be uniquely set for the multi mode, or may be set in 
correspondence with each ink recording head. Table 5 below shows examples of the stop time. 

55 in Table 5, the CR and LF speeds are set according to the state of a recording medium, i.e., the ejected 

ink amount The number of printed dots is counted and stored in a RAM. As the number of dots is larger, the 
ink becomes more difficult to fix. Therefore, as the number of dots is larger, the CR speed is increased, and 
the LF stop time is prolonged. In this manner, the stop time suitable for the state of a recording medium can 

35 



JNSDOCID: <EP 0560562A2_I_> 



EP 0 560 562 A2 

be set, and an efficient stop time can be selected as compared to a case wherein the stop time is set uniquely. 



Table 5 CR/LF Control Table According to Print Duty 



No. of Print Dots per Page (M) 


CR/LF Stop Time (sec) 


less than 400 


5 


400 to 1,000 


10 


1,000 to 2,000 


15 


2,000 to 3,000 


20 


3,000 to 4,000 


30 


4,000 to 5,000 


45 


more than 5,000 


60 



As described above, according to this embodiment, although the print speed is lowered, the fixing time is 
set to satisfactorily fix an ink, and recording operations can be performed a plurality of number of times when 
20 a recording medium is in a dried state close to a state before ink recording, thus maintaining high-quality re- 
cording. 

(28th Embodiment) 

25 In this embodiment, a case will be described below wherein movement of a carriage and convey of a re- 

cording medium are stopped according to the , environment for recording. 

In an ink jet recording apparatus, the fixing characteristics of a recording medium subjected to recording 
largely depend on the environment. The ink ejection amount depends on the environmental temperature. If the 
environmental temperature is high, the ejection amount is increased; otherwise, it is decreased. Also, the time 

30 required for fixing changes depending on the ejection amount Therefore, fixing time control according the en- 
vironment for recording is necessary. 

Table 6 below shows a print stop time according to the environmental temperature or the temperature of 
an ink recording head. As the environmental temperature or the temperature of an ink recording head is higher, 
the required fixing time is prolonged. In Table 6, the print stop time is prolonged as the temperature becomes 

35 higher. When the stop time is set according to the environmental temperature or the temperature of the ink 
recording head immediately before a plurality of recording operations, a stop time suitable for recording to be 
performed can be set. When the temperature of the ink recording head can be detected or predicted, the stop 
time can be changed to follow a change in temperature of the ink recording head due to the temperature rise 
caused by the immediately preceding recording. Thus, the stop time can be more suitably controlled as com- 

40 pared to a case wherein the environmental temperature is used alone. When a plurality of ink recording heads 
are used, since the states of the ink recording heads are different from each other, the stop time is preferably 
set for each ink recording head. 



Table 6 Print Stop Time Table According to Temperature 



Environmental Temperature or Ink Recording Head Temperature (°C) 


Print Stop Time (sec) 


less than 10 


0 


10 to 15 


2 


15 to 20 


5 


20 to 25 


10 


25 to 30 


20 


30 to 35 


30 


mor than 30 


40 
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Table 7 below is used when the stop time is controlled based on the temperature and the number of print 
dots. As the temperature is higher, and the ejection amount is larger, and as the number of print dots is larger, 
the fixing time is prolonged. When the print stop time is set for each ink recording head on the basis of a plurality 
of parameters, stop time control can be achieved more optimally. 

Table 7 Print Stop Time Table According to State 
of Recording Medium 



10 



15 



20 



25 



\ No. of Print Dots 


less 


400 


1,000 


2,000 


3,000 


4,000 


more 




than 


to 


to 


to 


to 


to 


than 


Temperature (°C) 


Ado 




O AAA 


1 AAA 


4,UUU 


5,000 


5,000 


less than 10 


0 


2 


5 


10 


20 


35 


50 


10 to 15 


2 


5 


10 


15 


25 


40 


55 


15 to 20 


5 


10 


15 


20 


30 


45 


60 


20 to 25 


10 


15 


20 


25 


35 


50 


65 


25 to 30 


20 


25 


30 


35 


45 


60 


75 


30 to 35 


30 


35 


40 


45 


55 


70 


85 


more than 35 


40 


45 


50 


55 


65 


80 


55 



In an ink jet recording apparatus comprising a humidity sensor, the stop time can be set according to the 
35 environmental humidity. Table 8 below shows the stop time according to the humidity. As the humidity is higher, 
the ink becomes difficult to dry, and a long fixing time is required. Therefore, as the humidity is higher, the 
stop time is prolonged. 



Table 8 Print Stop Time Table According to Humidity 



45 



50 



55 



Environmental Humidity (%RH) 


Print Stop Time (sec) 


less than 10 


0 


10 to 20 


5 


20 to 30 


10 


30 to 40 


15 


40 to 50 


20 


50 to 60 


30 


60 to 70 


45 


70 to 80 


60 


80 to 90 


75 


| more than 90 


90 
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In this embodiment, the stop time of movement of the carriage and convey of a recording medium is con- 
trolled according to environmental conditions. When the stop time is set for each ink recording head, high image 
quality can be maintained even when recording operations are performed a plurality of number of times on a 
single recording medium. In this embodiment control is made while paying attention to the fixing characteristics 
on a recording medium. The fixing characteristics of an ink also depend on the type of recording medium and 
the ink ejection amount Also, the stop time of movement of the carriage and convey of a recording medium 
as the fixing time may be controlled according to the type of recording medium, which is set by a user in a 
host apparatus. Furthermore, the ejection amount of an ink recording head may be predicted from a change 
in temperature of the ink recording head during aging upon exchange detection of the ink recording head, and 
the stop time of movement of the carriage and convey of a recording medium may be controlled according to 
the predicted ejection amount. When control is made upon combination of a plurality of parameters, more prop- 
er control with higher precision can be achieved. 

As described above, in this embodiment, since stop time of movement of the carriage and convey of a 
recording medium is set for each ink recording head in accordance with environmental conditions, the fixing 
characteristics are improved, and recording can be performed while maintaining high image quality even after 
a plurality of recording operations. 

(29th Embodiment) 

In this embodiment, a method of maintaining high image quality when recording is performed while repet- 
itively exchanging a plurality of ink recording heads will be described below. 

When recording is performed while repetitively exchanging a plurality of ink recording heads, the ink re- 
cording heads are not always in the same state, and the temperature rise upon continuous execution of re- 
cording is different from that upon intermittent execution of recording. Also, the temperature rise varies de- 
pending on the interval time between adjacent recording operations. Furthermore, a change in temperature 
of the ink recording head varies depending on the print duty. Even when recording is performed using the same 
ink recording head, the ejection amount changes according to the temperature of the head. When the ejection 
amount changes, the density changes accordingly, and the color tone of a color image is varied even by a 
slight variation in density. That is, images having different color tones are undesirably formed even when image 
formation is performed by the same print method using the same ink recording heads. 

In order to realize higher image quality, the temperature of each ink recording head is detected or predicted, 
and driving conditions are set, so that the ink ejection amount estimated from the temperature of the ink re- 
cording head always remains the same in each ink recording head. Thus, recording can be performed at the 
same density even when the temperature of the ink recording head used varies. More specifically, the se- 
quence shown in Fig. 63 is applied, so that every time ink recording heads are exchanged, the driving condi- 
tions are set to correct the ejection amount according to the temperature of the ink recording head to be used 
next 

When recording operations are performed a plurality of number of times on a single recording medium, 
recording beyond 300% duty must often be performed depending on print data. If recording is performed to 
have the same ejection amount as that in a normal mode, the ink amount on the recording medium becomes 
very large, and image quality is deteriorated. Therefore, in order to always maintain high image quality, the 
ejection amount in a multi mode is set to be smaller than in the normal mode. For example, the ejection amount 
of about 90 pf (picoliters) per dot in the normal mode is controlled to about 50 pi in the multi mode. In this 
case, data beyond 300% duty can be suppressed to 200% or less. The ejection amount can be set upon ex- 
change of the ink recording head. In combination with the above-mentioned temperature, the ejection amount 
of each ink recording head can be effectively controlled. The ejection amount to be set may be stored in the 
ink jet recording apparatus itself or an ejection amount requested by a user may be set according to a command 
input in a host apparatus by the user. Furthermore, the ejection amounts of ink recording heads storing inks 
of the same type can be controlled to be equal to each other. 

The ejection amount is predicted based on a change in temperature during aging upon exchange of ink 
recording heads, and the predicted value Is stored on a RAM in units of types of ink recording heads, so that 
the ejection amount of the current ink recording head is the same as that previously used in the ink jet recording 
apparatus. The RAM can store a plurality of ejection amounts for one type of ink recording head. More specif- 
ically, the ejection amount is predicted by a head test sequence shown in Fig. 66. First, aging is performed for 
the exchanged or new ink recording head (step S1 01 6). A temperature rise of the head during a certain period, 
.g., a period from the 1 ,000th shot to 4,000th shot, is detected (st p S1 017), and the ejection amount is pre^ 
dieted based on th temperature rise (step S1018). The ejection amounts corresponding to the temperature 
rises are measured in advance and are stored in the main body in the form of a table, and the ejection amount 
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is predicted from th table values. Thereafter, the driving conditions are set based on the predicted ejection 
amount according to the sequence shown in Fig. 63. In this manner, even when various ink recording heads 
are used, the same ejection amount can always b obtained, and recording can always be performed at the 
same density. Note that the predicted ejection amount is stored in a RAM in the main body (step S1019). 

5 In this embodiment, since the temperature of the ink recording head before recording is detected, the con- 

trol can follow a change in environment, and a high-quality color image can always be formed. 

As described above, according to the 26th to 29th embodiments of the present invention, in an ink jet re- 
cording apparatus for performing recording by ejecting an ink, the problems of the ink jet recording heads 
caused upon execution of a plurality of recording operations on a single recording medium can be solved, and 

10 a high-quality color image in at least two colors can be easily recorded. 

(30th Embodiment) 

Fig. 67 shows image formation control of this embodiment In step S1301, *0" is set in counters #1 and 

15 #2. In step S1302, it is checked if the content of the counter #1 is 0. If YES in step S1302, i.e., if recording on 
the first surface (first recording process) is determined, the flow advances to step S1 303 to check if a recording 
image signal is odd raster data. If YES in step S1303, odd dots are masked by a control circuit in step S1304, 
and recording data is set in a recording buffer memory in step S1306. On the other hand, if NO in step S1303, 
even dots are masked by the control circuit in step S1305, and recording data is set in the recording buffer 

20 memory in step S1306. Thus, mask processing of data for one raster is completed. 

In step S1307, the count value of the counter #2 is incremented by 1 to indicate the next raster. If it is de- 
termined in step S1308 that the counter #2 has a predetermined count value (in this case, 64 rasters = 1 line), 
recording for one scan is performed, and the counter #2 is reset to 0 in step S1 309. Thereafter, the flow returns 
to step S1302. If the end of image data (i.e., the end of the first recording process) is determined step S1310, 

25 it is checked in step S1311 if the count value of the counter #1 is 0. If YES in step S1311, the count value of 
the counter #1 is incremented by 1 in step S1312, and the flow returns to step S1302 to execute the next re- 
cording process. Thus, the recording operation on the first surface is ended, and a recording medium is dis- 
charged. The discharged recording medium is inserted again in the recording apparatus, and is subjected to 
recording on its second surface. 

30 Since the count value of the counter #1 then becomes 1, the recording on the second surface (second 

recording process) is determined, and the flow advances to step S1313. The flow advances to step S1305 or 
S1314 depending on an odd or even raster determined in step S1313. In step S1305 orS1314, predetermined 
dots are masked by the control circuit, i.e., dots at positions opposite to that those on the first surface (first 
recording process) are masked. Thereafter, the flow advances to step S1306. In this embodiment, even dots 

35 are masked in common step S1305, and odd dots are masked in independent steps S1304 and S1314. Alter- 
natively, these command and independent steps may be replaced. Furthermore, both the types of dots may 
be processed in common or independent steps. 

Steps S1 302 to S1 31 0 are repeated until the end of image data (the end of the second recording process). 
Under the above-mentioned control, a thin-out image is recorded in the first recording process, and an 

40 image is recorded in the second recording process to compensate for the thin-out image recorded in the first 
recording process. 

Figs. 68A to 68C show images formed according to this embodiment. In Figs. 68A to 68C, the convey di- 
rection of a recording medium is denoted by reference symbol A, and the scanning direction of a recording head 
is denoted by reference symbol B. 

45 Fig. 68A shows an image recorded using a black (Bk) recording head in the first recording process, and 

Fig. 68B shows an image recorded using a recording head, different from that in the first recording process, 
in the second recording process. Fig. 68C shows an image obtained by re-recording the image, recorded in 
the first recording process, in the second recording process, and shows a state wherein an image is completed 
by the two recording processes. 

so In a serial scan type recording apparatus having a recording head, which has a plurality of ejection orifices 

and can perform high-density recording, the ink ejection orifices suffer from variations in ink ejection amount 
and landing precision, and image quality is deteriorated by a white or black stripe or periodic image density 
nonuniformity. However, when an image is recorded using different recording heads, the periodicity of the 
above-mentioned image deterioration factors can be canceled, and image quality can be effectively improved. 

55 Furthermore, in this control, since an image is recorded in the second recording process to compensate 

for a thin-out image recorded in the first recording process after the thin-out image in the first recording process 
is sufficiently fixed and stabilized, blurring between adjacent dots can be minimized even on normal high- 
quality paper having poor ink absorbency, thus improving resolution. 

39 



INS DOC ID: <EP 0560562A2_L> 



EP 0 560 562 A2 

In this embodiment, a host computer connected to a recording apparatus, dip switches, operation keys on 
an operation panel, a memory means provided to the recording apparatus, or the like may be used as desig- 
nation information generation means, and the above-mentioned image formation control condition may be var- 
ied according to designation information (e.g., the order of recording processes, the number of image recording 

5 colors, image recording colors, and the like). For example, when black (Bk), cyan (C), magenta (M), and yellow 
(Y) are used as recording colors, image recording colors are used as designation information, recording for 
yellow (Y), which is less visually influenced by the ejection characteristics of the ink, and suffers from small 
image deterioration, is performed under the normal image formation control, and images of the remaining three 
colors, whose image quality is largely influenced by the ejection characteristics of the inks, are formed under 

10 the image formation control of the above embodiment, thereby obtaining a good image. 

In a recording apparatus and method used in the present invention, as a previously recorded image is suf- 
ficiently f ixed and dried and is stable, quality of an image recorded later can be improved. For this reason, 
even when an apparatus which has a high recording speed under the normal image formation control is used, 
since a plurality of recording colors are used, and a plurality of recording processes are to be executed, this 

15 embodiment provides a control means which is also effective for a case wherein a previously recorded image 
is preferably discharged in a sufficiently fixed/dried state. Therefore, whether or not recording processes using 
a plurality of colors are required may be determined using the order of recording processes and the number 
of image recording colors as the designation information so as to perform the control. 

20 (31st Embodiment) 

Figs. 69A to 69C show images formed according to this embodiment. In Figs. 69Ato 69C, the convey di- 
rection of a recording medium is denoted by reference symbol A, and the scanning direction of a recording head 
is denoted by reference symbol B. In this embodiment, the mask patterns described above with reference to 

25 Figs. 27A and 27B are used. 

Fig. 69A shows an image (checker thin-out image) obtained by recording, using a black (Bk) recording 
head, recording data masked according to the mask pattern shown in Fig. 27A in the first recording process, 
and Fig. 69B shows an image (reverse checker thin-out image) obtained by recording, using the black (Bk) 
recording head, recording data masked according to the mask pattern shown in Fig. 27B in the second record- 

30 ing process while shifting the recording scan banding position by a width H from the first recording process. 
The width H preferably forms a difference of at least one dot. Fig. 69C shows an image obtained by re-recording 
the image, recorded in the first recording process, in the second recording process, and shows a state wherein 
an image is completed by the two recording processes. Since the recording scan banding position is shifted 
by H in the second recording process, recording data must also be shifted by H to have the same image re- 

35 cording position as in the first recording process. 

Under the above-mentioned control, a thin-out image is recorded in the first recording process, and an 
image is recorded in the second recording process to compensate for the thin-out image recorded in the first 
recording process. The width H corresponds to 1/2 nozzles (eight nozzles in this embodiment) of an ink ejection 
orifice array (a total of 16 nozzles in this embodiment). In a portion wherein a thin-out image is recorded by 

40 the upper 1/2 ejection orifice array in the first recording process, an image is formed by the lower 1/2 ejection 
orifice array in the second recording process to compensate for the thin-out image. In a portion wherein a thin- 
out image is recorded by the lower 1/2 ejection orifice array in the first recording process, an image is formed 
by the upper 1/2 ejection orifice array in the second recording process to compensate for the thin-out image. 
The mask patterns are not limited to those shown in Figs. 27A and 27B, and any other patterns may be 

45 used as long as they can thin out image data to almost 1/2. 

In a serial scan type recording apparatus having a recording head, which has a plurality of ejection orifices 
and can perform high-density recording, the ink ejection orifices sufferfrom variations in ink ejection amount 
and landing precision, and image quality is deteriorated by a white or black stripe or periodic image density 
nonunifor mity . However, when the first and second recording processes have different recording scan banding 

so positions, i.e., when an image in a single line is recorded using different ink ejection orifices, the periodicity of 
the above-mentioned image deterioration factors can be canceled, and image quality can be effectively im- 
proved. Furthermore, nonuniformity and stripes formed at boundary portions between adjacent recording scan 
lines can be effectively eliminated. 

Furthermore, in this control, since an image is recorded in the second recording process to compensate 

55 for a thin-out image recorded in the first recording process afterthe thin-out image in thef irst recording process 
is sufficiently fixed and stabilized, blurring between adjacent dots can be minimized even on normal high- 
quality paper having poor ink absorbency, thus improving resolution. 

This embodiment is a control means effectiv for recording not only a color image but also a monochrome 
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gray-scale image like in the above embodiment, and can perform control even in a recording apparatus whose 
recording head cannot be attached/detached, thus obtaining the same effect. 

In this embodiment, when an image is recorded using four different recording heads, i.e., red (R), green 
(G), blue (B), and black (Bk) heads, a red (R) checker thin-out image is recorded in the first recording process, 
5 and a red (R) reverse checker thin-out image is recorded in the second recording process. A green (G) checker 
thin-out image is recorded in the third recording process, and a green (G) reverse checker thin-out image is 
recorded in the fourth recording process. A blue (B) checker thin-out image is recorded in the fifth recording 
process, and a blue (B) reverse checker thin-out image is recorded in the sixth recording process. A black (Bk) 
checker thin-out image is recorded in the seventh recording process, and a black (Bk) reverse checker thin- 
to out image is recorded in the eighth recording process. The recording scan banding position may be varied be- 
tween a checker thin-out image and a reverse checker thin-out image. It is more preferable to set different 
recording scan banding positions in all the first to eighth recording processes. 

In the first to eighth recording processes, checker and reverse checker thin-out images are alternately re- 
corded. However, checker thin-out control may be performed in the first to fourth recording processes to record 
15 red (R), green (G), blue (B), and black (Bk) images, and thereafter, reverse checker thin-out control may be 
performed in the fifth to eighth recording processes to record red (R), green (G), blue (B), and black (Bk) im- 
ages. 

In this embodiment, a host computer connected to a recording apparatus, dip switches, operation keys on 
an operation panel, a memory means provided to the recording apparatus, or the like may be used as desig- 

20 nation information generation means, and the above-mentioned image formation control condition may be var- 
ied according to designation information (e.g., the order of recording processes, the number of image recording 
colors, image recording colors, and the like) like in the above embodiment. For example, when black (Bk), cyan 
(C), magenta (M), and yellow (Y) are used as recording colors, image recording colors are used as designation 
information, recording for yellow (Y), which is less visually influenced by the ejection characteristics of the ink, 

25 and suffers from small image deterioration, is performed under the normal image formation control, and images 
of the remaining three colors, whose image quality is largely influenced by the ejection characteristics of the 
inks, are formed under the image formation control of the above embodiment, thereby obtaining a good image. 

The image formation control method of the present invention can be applied to not only a case wherein a 
recording head for ejecting a monochrome ink, but also to a recording apparatus using a recording head capable 

30 of ejecting a plurality of color inks, and a recording apparatus, which mounts a plurality of recording heads for 
ejecting different color inks. 

The present invention brings about excellent effects particularly in a recording head and a recording device 
of the ink jet system using a thermal energy among the ink jet recording systems. 

As to its representative construction and principle, for example, one practiced by use of the basic principle 

35 disclosed in, for instance, U.S. Patent Nos. 4,723,129 and 4,740,796 is preferred. The above system is appli- 
cable to either one of the so-called on-demand type and the continuous type. Particularly, the case of the on- 
demand type is effective because, by applying at least one driving signal which gives rapid temperature ele- 
vation exceeding nucleus boiling corresponding to the recording information on electrothermal converting ele- 
ments arranged in a range corresponding to the sheet or liquid channels holding liquid (ink), a heat energy is 

40 generated by the electrothermal converting elements to effect film boiling on the heat acting surface of the 
recording head, and consequently the bubbles within the liquid (ink) can be formed in correspondence to the 
driving signals one by one. By discharging the liquid (ink) through a discharge port by growth and shrinkage 
of the bubble, at least one droplet is formed. By making the driving signals into pulse shapes, growth and shrink- 
age of the bubble can be effected instantly and adequately to accomplish more preferably discharging of the 

45 liquid (ink) particularly excellent in accordance wit h characteristics. As the driving signals of such pulse shapes, 
the signals as disclosed in U.S. Patent Nos. 4,463,359 and 4,345,262 are suitable. Further excellent recording 
can be performed by using the conditions described in U.S. Patent No. 4,313.124 of the invention concerning 
the temperature elevation rate of the above-mentioned heat acting surface. 

As a construction of the recording head, in addition to the combined construction of a discharging orifice, 

50 a liquid channel, and an electrothermal converting element (linear liquid channel or right angle liquid channel) 
as disclosed in the above specifications, the construction by use of U.S. Patent Nos. 4,558,333 and 4,459,600 
disclosing the construction having the heat acting portion arranged in the flexed region is also included in the 
invention. The present invention can be also effectively constructed as disclosed in JP-A-59- 123670 which dis- 
closes the construction using a slit common to a plurality of electrothermal converting elements as a discharg- 
es jng portion of the electrothermal converting element or JP-A-59-1 38461 which discloses the construction hav- 
ing the opening for absorbing a pressure wave of a heat energy corresponding to the discharging portion. 

Further, as a recording head of the full line type having a length corresponding to the maximum width of 
a recording medium which can be recorded by the recording device, ither the construction which satisfies its 
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length by a combination of a plurality of recording heads as disclosed in the above specifications or the con- 
struction as a single recording head which has integratedly been formed can be used. The present invention 
can exhibit the effects as described above more effectively. 

In addition, the invention is effective for a recording head of the freely exchangeable chip type which en- 
5 ables electrical connection to the main device or supply of ink from the main device by being mounted onto 
the main device, or for the case by use of a recording head of the cartridge type provided integratedly on the 
recording head itself. 

It is also preferable to add a restoration means for the recording head, preliminary auxiliary means, and 
the like provided as a construction of the recording device of the invention because the effect of the invention 
10 can be further stabilized. Specific examples of them may include, for the recording head, capping means, 
cleaning means, press urizat ion or aspiration means, and electrothermal converting elements or another heat- 
ing element or preliminary heating means according to a combination of them. It is also effective for performing 
a stable recording to realize the preliminary mode which executes the discharging separately from the record- 
ing. 

15 As a recording mode of the recording device, further, the invention is extremely effective for not only the 

recording mode of only a primary color such as black or the like but also a device having at least one of a plur- 
ality of different colors or a full color by color mixing, depending on whether the recording head may be either 
integratedly constructed or combined in plural number. 

To summarize, the present invention has as its basic principle to execute feed/discharge processes of a 

20 recording medium for each color in monochrome ink jet recording. This basic principle may be applied to an 
ink jet color recording apparatus to obtain a required color recording image, or may be applied to a recording 
medium having relatively poor fixing characteristics, or whether or not the method of the present invention Is 
practiced may be selected according to a user's favor. 

Monochrome ink jet recording apparatuses may be prepared in correspondence with colors, and the pres- 

25 ent invention may be practiced systematically. Such an application is also included in the present invention. 

In an ink jet recording apparatus such as a full-line recording apparatus which can achieve high-speed re- 
cording, e.g., can record data corresponding to an A4 size within, e.g., one minute, a process including a stop 
or standby state for promoting fixing may be inserted between each two adjacent monochrome ink jet recording 
processes so as to achieve more stable recording. Normally, since a practical fixing assist time can be assured 

30 by a time required for exchanging recording heads or a transmission time of recording data, most of recording 
apparatuses do not require insertion of such a process. 



Claims 

35 

1. An ink jet color recording method for forming a multi-color image on a single recording medium using a 
monochrome ink jet recording apparatus, which comprises a mounting portion for detachably mounting 
ink recording means for performing recording on the recording medium by ejecting a monochrome ink, 
feed means for feeding the recording medium to a recording region of said ink recording means, and dis- 

40 charge means for discharging the recording medium passing the recording region, comprising: 

the first step of supplying first recording information to first ink recording means, attached to said 
mounting portion, for ejecting a first ink, performing recording using the first ink on the recording medium 
fed to the recording region by said feed means, and discharging the recording medium by said discharge 
means; 

45 " the second step of supplying second recording information to second ink recording means, attach- 

ed to said mounting portion in place of said first ink recording means, for ejecting a second ink of a color 
different from the first ink, feeding the recording medium, on which recording using the first ink has been 
completed, to the recording region by said feed means, performing recording using the second ink, and 
discharging the recording medium by said discharge means; and 

50 the third step of supplying third recording information to third ink recording means, attached to said 

mounting portion in place of said second ink recording means, for ejecting a third ink of a color different 
from the first and second inks, feeding the recording medium, on which recording using the first and sec- 
ond inks has been completed, to the recording region by said feed means, performing recording using 
the third ink, and discharging the recording medium by said discharge means. 

55 

2. A method according to claim 1, wherein said feed means comprises constant registration setting means 
for setting a constant leading edg registration position of th recording medium by utilizing stiffness of 
the recording medium, and the recording medium is fed to th recording region by said constant regis- 
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tration setting means. 

3. Am thod according to claim 1, wherein the first ink in the first step is a yellow (Y) ink, the second ink in 
the second step is a magenta (M) ink, and the third ink in the third step is a cyan (C) ink. 

5 

4. A method according to claim 1 , wherein the first ink in the first step forms a background image of images 
formed by the second and third inks, and the second ink in the second step forms a background image 
of the image formed by the third ink. 

5. A method according to claim 1, wherein a recording area of the first ink in the first step is larger than a 
recording area of each of the second and third inks, and the recording area of the second ink in the second 
step is larger than the recording area of the third ink. 



15 



6. A method according to claim 1 , wherein each of said first, second, and third ink recording means is a unit 
integrally comprising an ink tank storing a corresponding ink, and a recording head having a recording 
element for ejecting the ink. 



7. Amethod according to claim 6, wherein each of said first, second, and third ink recording means comprises 
the same number of ejection portions, and said recording element comprises an electro-thermal convert- 
ing element for causing film boiling in the ink. 

20 

8. A method according to claim 1, wherein said monochrome ink jet recording apparatus comprises a blade 
for cleaning an ink ejection portion of said ink recording means, and cleaning means for cleaning said 
blade. 

25 9. A method according to claim 1, further comprising: 

the first assist step, provided between the first and second steps, of assuring a fixing time of the 
first ink on the recording medium in the first step; and 

the second assist step, provided between the second and third steps, of assuring a fixing time of 
the second ink on the recording medium in the second step. 

"30 

10. A method according to claim 9, wherein said recording apparatus has a relatively high recording speed. 

11. A driving device, which can be attached to a monochrome ink jet recording apparatus comprising a mount- 
ing portion for detachably mounting ink recording means for performing recording on a recording medium 
by ejecting a monochrome ink, feed means for feeding the recording medium to a recording region of said 
ink recording means, and discharge means for discharging the recording medium passing the recording 
region, and which practices an ink jet color recording method for forming a multi-color image on a single 
recording medium, comprising: 

means for supplying first recording information for recording a first ink in a first process in which 
recording is performed, using first ink recording means which is attached to said mounting portion and 
ejects the first ink, on a recording medium fed to the recording region by said feed means by the first ink, 
and the recording medium is discharged by said discharge means; 

means for supplying second recording information for recording a second ink in a second process 
in which recording is performed, using second ink recording means which is attached to said mounting 
portion in place of said first ink recording means, and ejects the second ink of a color different from the 
first ink, on the recording medium, on which recording using the first ink has been completed, and which 
is fed to the recording region by said feed means, by the second ink, and the recording medium is dis- 
charged by said discharge means; and 

means for supplying third recording information for recording a third ink in a third process in which 
recording is performed, using third ink recording means which is attached to said mounting portion in place 
of said second ink recording means, and ejects the third ink of a color different from the first and second 
inks, on a recording medium, on which recording using the first and second inks has been completed, 
and which is f d to th recording region by said f dm ans, by the third ink, and the recording medium 
is discharged by said discharg means. 
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12. An ink jet color recording method for forming a multi-color image on a single recording medium using an 
ink jet recording apparatus, which comprises ink recording means for performing color recording on a re- 
cording medium by ejecting a plurality of color inks, feed means for feeding the recording medium to a 
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recording region of said ink recording means, and discharge means for discharging the recording medium 
passing the recording region, comprising: 

the first step of supplying first recording information io a first ink recording portion, which ejects a 
first ink, of said ink recording means, performing recording using the first ink on the recording medium 
fed to the recording region by said feed means, and discharging the recording medium by said discharge 
means; 

the second step of supplying second recording information to a second ink recording portion, which 
ejects a second ink of a color different from t he first ink, of said ink recording means, performing recording 
using the second ink on the recording medium, on which recording using thef irst ink has been completed, 
and which is fed to the recording region by said feed means, and discharging the recording medium by 
said discharge means; and 

the third step of supplying third recording information to a third ink recording portion, which ejects 
a third ink of a color different from the first and second inks, of said ink recording means, performing re- 
cording using the third ink on the recording medium, on which recording using the first and second inks 
has been completed, and which is fed to the recording region by said feed means, and discharging the 
recording medium by said discharge means. 

13. A method according to claim 12, wherein said recording apparatus has: 

a first recording mode for executing the recording using the first, second, and third inks until the 
recording medium fed by said feed means is discharged, and 

a second recording mode for executing monochrome recording using one of the first, second, and 
third inks until the recording medium fed by said feed means is discharged. 

14. A method according to claim 13, wherein said recording apparatus selects the second recording mode 
when the recording medium has relatively poor ink fixing characteristics, or when recording is performed 
to attain high image quality. 

15. An ink jet color recording method for forming a multi-color image on a single recording medium using a 
plurality of monochrome ink jet recording apparatuses, each of which comprises ink recording means for 
performing recording on a recording medium by ejecting a monochrome ink, feed means for feeding the 
recording medium to a recording region of said ink recording means, and discharge means for discharging 
the recording medium passing the recording region, and an apparatus for supplying recording information 
corresponding to the ink of said ink recording means of each of said recording apparatuses to the corre- 
sponding recording apparatus, comprising: 

the first step of performing recording, using first recording information for recording a first ink, and 
first ink recording means, which ejects the first ink, of a first recording apparatus, on a recording medium 
fed to the recording region of said first recording apparatus by the first ink, and discharging the recording 
medium outside said first recording apparatus; 

the second step of performing recording, using second recording information for recording a sec- 
ond ink of a color different from the first ink, and second ink recording means, which ejects the second 
ink, of a second recording apparatus, on the recording medium on which recording using the first ink has 
been completed, and which is fed to the recording region of said second recording apparatus, by the sec- 
ond ink, and discharging the recording medium outside said second recording apparatus by said discharge 
means; and 

the third step of performing recording, using third recording information for recording a third ink 
of a color different from the first and second inks, and third ink recording means, which ejects the third 
ink, of a third recording apparatus, on the recording medium on which recording using thef irst and second 
inks has been completed, and which is fed to the recording region of said third recording apparatus, by 
the third ink, and discharging the recording medium outside said third recording apparatus. 

16. An inkjet recording method for performing recording using a monochrome ink jet recording apparatus, 
which comprises a mounting portion for detachably mounting ink recording means for performing record- 
ing on th recording medium by ejecting a monochrom ink, feed means for feeding the r cording medium 
to a recording r gion of said ink recording m ans, and discharge means for discharging t h recording me- 
dium passing the recording region, comprising: 

the step of executing a multi mode for performing a plurality of recording op rations on a single 
recording medium by feeding and discharging the recording medium a plurality of number of times by said 
feed means and said discharge means; 
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the step of executing a normal mode for performing a single recording operation on a single re- 
cording medium; and 

the step of setting different recovery sequences associated with ink ejection of said ink recording 
means for the multi mode and the normal mode, respectively. 

17. A method according to claim 16, further comprising: 

the step of determining whether a mode to be executed is the multi mode or the normal mode. 

18. A method according to claim 1 7, wherein the determination step includes the step of recognizing whether 
or not said ink recording means is exchanged with another. 

19. A method according to claim 16, wherein said ink recording means utilizes heat energy for the purpose 
of ejecting the ink. 

20. A method according to claim 1 6, wherein said monochrome ink jet recording apparatus comprises a blade 
for cleaning an ink ejection portion of said ink recording means, and cleaning means for cleaning said 
blade. 

21. A method according to claim 1 6, wherein said monochrome ink jet recording apparatus comprises means 
for detecting an environmental temperature or a temperature of said ink recording means. 

22. A method according to claim 16, wherein recovery conditions of a recovery sequence of the multi mode 
are set in accordance with a state of said ink recording means. 

23. A method according to claim 16, wherein recovery conditions of a recovery sequence of the multi mode 
are set in accordance with an environmental temperature or a temperature of said ink recording means. 

24. An ink jet color recording method for forming a multi-color image on a single recording medium using a 
monochrome ink jet recording apparatus, which comprises a mounting portion for detachably mounting 
ink recording means for performing recording on the recording medium by ejecting a monochrome ink, 
feed means for feeding the recording medium to a recording region of said ink recording means, and dis- 
charge means for discharging the recording medium passing the recording region, comprising the steps 
of: 

detecting that said ink recording means attached to said mounting portion is exchanged with an- 
other; and 

executing a recovery sequence according to the exchanged ink recording means to be used next. 

25. An ink jet color recording method capable of forming a multi-color image on a single recording medium 
by exchanging ink recording means for ejecting different color inks using an ink jet recording apparatus, 
which comprises a mounting portion for detachably mounting ink recording means for performing record- 
ing on the recording medium by ejecting an ink, feed-convey means for feeding and conveying the record- 
ing medium to a recording region of said ink recording means, and discharge means for discharging the 
recording medium passing the recording region, comprising: 

the step of executing a first recording process for performing recording, using first recording infor- 
mation for recording a first ink, and first ink recording means, attached to said mounting portion, for eject- 
ing the first ink, on a recording medium fed and conveyed to the recording region by said feed-convey 
means by the first ink, and discharging the recording medium outside said apparatus by said discharge 
means; and 

the repetition step of sequentially executing second to N-th (N is an integer not less than 2) re- 
cording processes for performing recording, using second recording information to N-th recording infor- 
mation for recording second to N-th inks, and second to N-th ink recording means, attached to said mount- 
ing portion, for ejecting the second to N-th inks, on the recording medium fed and conveyed to the re- 
cording region by said feed convey means by the second to N-th inks, and discharging the recording me- 
dium outside said apparatus by said discharge means. 

26. Am thod according to claim 25, wherein a recording condition of achofther cording processes is varied 
according to designation information. 

27. A method according to claim 26, wherein the designation information is one of designation command in- 
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formation from a host computer, dip switch information from a dip switch, panel information from an op- 
eration panel, memory information from memory means, and a designation signal from said ink recording 
means. 

5 28. A method according to claim 26, wherein the designation information is an order of the first to N-th re- 
cording processes. 

29. A method according to claim 26, wherein the designation information is an image recording color. 

1Q 30. A method according to claim 26, wherein the designation information is the number of image recording 
colors. 

31. A method according to claim 25, wherein in each of the recording processes, only designated image in- 
formation is selectively processed. 

*5 32. A method according to claim 26, wherein the designation information is identification information accord- 
ing to a type of recording medium used in recording in each of the recording processes. 

33. A method according to claim 32, wherein the identification information is one of designation command 
information from a host computer, dip switch information from a dip switch, panel information from an op- 

20 eration panel, and detection information from a recording medium detector. 

34. A method according to claim 25, wherein said ink recording means is a unit integrally comprising an ink 
tank storing the ink, and a recording head having ink ejection orifices having recording elements for eject- 
ing the ink. 

35. A method according to claim 34, wherein said recording head comprises heat energy generation means 
for causing a change in state by heat in the ink, and forming a flying ink droplet by ejecting the ink based 
on the change in state. 

36. A method according to claim 25, wherein each of said ink recording means performs recording by serial 
scans. 

37. A method according to claim 36, wherein the recording condition is a banding position between adjacent 
serial scans in the recording processes. 

38. A method according to claim 36, wherein the recording condition is a recording width per serial scan. 

39. A method according to claim 36, wherein the recording condition is the number of times of serial scans. 

40. Amethod according to claim 36, wherein the recording condition is a time interval between adjacent serial 
40 scans. 

41. A method according to claim 36, wherein the recording condition is a thin-out pattern for the recording 
information. 
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42. A method according to claim 41, wherein each of said ink recording means performs recording to com- 
pensate for the recording information thinned out by a plurality of serial scans. 

43. A method according to claim 42, wherein each of said ink recording means performs recording using dif- 
ferent ink ejection orifices in the plurality of serial scans. 

50 44. Amethod according to claim 31, wherein the selective processing of the image information is binarization 
processing. 

45. A method according to claim 31, wherein the selective processing of the image information is change proc- 
essing of an image formation direction. 
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46. Amethod according to claim 31, wherein the selective processing of the image information is change proc- 
essing of an image recording order. 
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47. A method according to claim 38, wherein the recording width per serial scan is small in the first recording 
process, and is increased toward the N-th recording process. 

48. A method according to claim 25, wherein the first to N-th recording processes are executed, so that re- 
cording is performed in an order from the recording information of a color having a high dot density. 

49. A method according to claim 25, wherein the first to N-th recording processes are executed, so that re- 
cording is performed in an order from an ink color having a high brightness. 

50. An ink jet color recording method capable of forming an image on a recording medium using an ink jet 
recording apparatus, which comprises ink recording means for performing recording on the recording me- 
dium by ejecting an ink, and feed- convey means for feeding and conveying the recording medium to a 
recording region of said ink recording means, comprising: 

the step of executing a first recording process for performing recording on the recording medium 
fed and conveyed to the recording region by said feed-convey means using recording information and said 
ink recording means; and 

the repetition step of frame-sequentially executing recording operations of second to N-th (N is an 
integer not less than 2) recording processes on the recording medium using said ink recording means. 

51. A method according to claim 50, wherein said ink recording means performs recording by serial scans. 

52. A method according to claim 51, wherein the recording condition is a recording width per serial scan. 

53. A method according to claim 50, wherein the first to N-th recording processes are executed, so that re- 
cording is performed in an order from the recording information of a color having a high dot density. 

54. A method according to claim 50, wherein the first to N-th recording processes are executed, so that re- 
cording is performed in an order from an ink color having a high brightness. 

55. A method according to claim 25, wherein of characteristics of recording dots formed in the recording proc- 
esses, at least one of an area, a density, a shape, and an intra- pixel position is varied between at least 
two recording processes. 

56. A method according to claim 55, wherein recording ink colors in the two recording processes having the 
different recording dot characteristics are the same. 

57. A method according to claim 55, wherein recording ink colors in the two recording processes having the 
different recording dot characteristics are different. 

58. A driving device, which can be attached to a monochrome ink jet recording apparatus comprising a mount- 
ing portion for detachably mounting ink recording means for performing recording on a recording medium 
by ejecting a monochrome ink, feed means for feeding the recording medium to a recording region of said 
ink recording means, and discharge means for discharging the recording medium passing the recording 
region, and which practices an ink jet color recording method for forming a multi-color image on a single 
recording medium, comprising: 

means for supplying first recording information for recording a first ink in a first process in which 
recording is performed, using first ink recording means which is attached to said mounting portion and 
ejects the first ink, on a recording medium fed to the recording region by said feed means by the first ink, 
and the recording medium is discharged by said discharge means; 

means for repeating at least once an operation for supplying second recording information for re- 
cording a second ink in a second process in which recording is performed, using second ink recording 
means which is attached to said mounting portion in place of said first ink recording means, and ejects 
the second ink, on the recording medium, on which recording using the first ink has been completed, and 
which is fed to the recording region by said feed means, by the second ink, and the recording medium is 
discharged by said discharge means; and 

means for converting N-value (N is a natural number not less than 3) image data of a required image 
into M-value (M is a natural number satisfying N > M, and not less than 3) image data for ink jet recording. 

59. An ink jet recording apparatus comprising: 

a mounting portion capable of selectively mounting different monochrome recording heads, each 
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of said recording heads having means for providing head type information; 

discrimination means for discriminating a type of the recording head mounted on said mounting 
portion; and 

means for executing monochrome recording according to the discriminated type of the recording 

5 head. 

60. An ink jet recording apparatus comprising: 

a mounting portion for detachabiy mounting ink recording means for performing recording on the 
recording medium by ejecting a monochrome ink; 
10 feed means for feeding the recording medium to a recording region of said ink recording means; 

discharge means for discharging the recording medium passing the recording region outside said 
apparatus; and 

means for executing first to n-th (n > 1) processes in each of which recording is performed, using 
one of first recording information to n-th recording information for recording first to n-th inks, and one of 
15 first to n-th recording means each of which is mounted on said mounting portion, and which respectively 

eject the first to n-th inks, on the recording medium fed to the recording region by said feed means by 
one of the first to n-th inks, and the recording medium is discharged outside said apparatus by said dis- 
charge means, 

wherein said ink recording means comprises means for providing head type information, and said 
20 means for executing the first to n-th processes executes monochrome recording according to a type of 

said ink recording means. 

61. An apparatus according to claim 60, further comprising: 

means, arranged in at least one of a recording apparatus main body and said ink recording means, 
25 for discriminating the type of said ink recording means. 

62. An apparatus according to claim 60, further comprising: 

means, arranged in said ink recording means, for selecting necessary information from the record- 
ing information. 

30 63. An apparatus according to claim 60, wherein said ink recording means utilizes heat energy for the purpose 
of ejecting the ink. 

64. An ink jet recording apparatus comprising: 

a mounting portion for detachabiy mounting ink recording means for performing recording on the 
35 recording medium by ejecting a monochrome ink; 

feed means for feeding the recording medium to a recording region of said ink recording means; 
discharge means for discharging the recording medium passing the recording region outside said 
apparatus; and 

means for executing first to n-th (n > 1) processes in each of which recording is performed, using 
one of first recording information to n-th recording information for recording first to n-th inks, and one of 
first to n-th recording means each of which is mounted on said mounting portion, and which respectively 
eject the first to n-th inks, on the recording medium fed to the recording region by said feed means by 
one of the first to n-th inks, and the recording medium is discharged outside said apparatus by said dis- 
charge means. 

45 

65. An apparatus according to claim 64, further comprising: 

position error detect means for detecting an amount of a recording position error occurring in each 
process; and 

position error correcting means for correcting the amount of the recording position error occurring 
so in each process. 

66. An apparatus according to claim 64, wherein said position error detect means comprises at least one of 
manual detect means with which a user detects the error, and automatic detect means with which said 
apparatus automatically detects the error without asking for a user's decision. 

55 

67. An apparatus according to claim 65, wherein said manual detect means also p rforms a print op ration 
upon detection of the amount of the position rror. 
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68. An apparatus according to claim 64, further comprising memory means for supplying a print pattern to 
said ink recording means, and wherein said position error correcting means comprises correcting means 
for controlling a content of said memory means. 

69. An apparatus according to claim 64, further comprising position error preventing means for preventing a 
recording position error occurring in each process. 

70. An apparatus according to claim 69, wherein said position error preventing means comprises special-pur- 
pose conveying medium means. 

71. An ink jet recording method for performing recording using a monochrome ink jet recording apparatus, 
which comprises a mounting portion for detachably mounting ink recording means for performing record- 
ing on the recording medium by ejecting a monochrome ink, feed means for feeding the recording medium 
to a recording region of said ink recording means, and discharge means for discharging the recording me- 
dium passing the recording region, comprising: 

the step of executing a multi mode for performing a plurality of recording operations on a single 
recording medium by feeding and discharging the recording medium a plurality of number of times by said 
feed means and said discharge means; and 

the step of executing a driving sequence of said ink recording means according to said ink recording 
means mounted on said mounting portion. 

72. A method according to claim 71, further comprising: 

the step of executing a normal mode for performing a single recording operation on a single re- 
cording medium; and 

the step of setting different driving sequences of said ink recording means for the multi mode and 
the normal mode, respectively. 

73. A method according to claim 72, further comprising: 

the step of determining whether a mode to be executed is the multi mode or the normal mode. 

74. A method according to claim 73, wherein the determination step includes the step of recognizing whether 
or not said ink recording means is exchanged with another. 

75. A method according to claim 71, wherein said ink recording means utilizes heat energy for the purpose 
of ejecting the ink. 

76. A method according to claim 71 , wherein said ink jet recording apparatus comprises means for detecting 
an environmental temperature or an environmental humidity. 

77. A method according to claim 71 , wherein said ink jet recording apparatus comprises means for detecting 
or predicting a temperature of said ink recording means. 

78. A method according to claim 71, wherein in the driving sequence in the multi mode, a carriage moving 
speed and a recording medium conveying speed are set 

79. A method according to claim 71, wherein in the driving sequence in the multi mode, a driving condition is 
set according to an environmental temperature or a temperature of said ink recording means. 

80. A method according to claim 71 , wherein in the driving sequence in the multi mode, an ink ejection amount 
is predicted according to a change in temperature of said ink recording means. 

81. An ink jet recording method capable of forming an image on a recording medium using an ink jet recording 
apparatus, which comprises ink recording means for performing recording on the recording medium by 
ejecting an ink, and feed-convey means for feeding and conveying the recording medium to a recording 
region of said ink recording means, comprising: 

the step of executing a first recording process for performing recording, by a first ink, on the re- 
cording medium f d and conveyed to the recording region by said feed-convey means using recording 
information and said ink recording means; and 

the repetition step of frame-sequentially executing recording operations of second to N-th (N is an 
integer not less than 2) recording processes on the recording medium using said ink recording means, 
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wherein recording is performed using thin-out recording information in each of the first to N-th re- 
cording processes, and is performed to compensate for the thin-out portions in the first to N-th recording 

processes. 

82. A met hod according to claim 81 , wherein a scan banding position between adjacent image recording scans 
is changed in each of the first to N-th recording processes. 

83. An ink jet recording method capable of forming an image on a single recording medium by exchanging 
ink recording means for ejecting different color inks using an ink jet recording apparatus, which comprises 
a mounting portion for detachably mounting ink recording means for performing recording on the recording 
medium by ejecting an ink, feed-convey means for feeding and conveying the recording medium to a re- 
cording region of said ink recording means, and discharge means for discharging the recording medium 
passing the recording region outside said apparatus, comprising: 

the step of executing a first recording process for performing recording, by a first ink, on the re- 
cording medium fed and conveyed to the recording region by said feed convey means using recording 
information and said ink recording means mounted on said mounting portion, and discharging the record- 
ing medium outside said apparatus by said discharge means; and 

the repetition step of sequentially executing second to N-th recording processes each for perform- 
ing recording, using one of second to N-th inks, on the recording medium fed and conveyed to the re- 
cording region by said feed-convey means using said ink recording means mounted on said mounting por- 
tion, and discharging the recording medium outside said apparatus by said discharge means, 

wherein recording is performed using thin-out recording information in each of the first to N-th re- 
cording processes, and is performed to compensate for the thin-out portions in the first to N-th recording 
processes. 

84. A method according to claim 83, wherein recording operations in the first to N-th recording processes are 
respectively performed using first to N-th ink recording means for respectively ejecting first to N-th inks. 

85. A method according to claim 83, wherein a scan banding position between adjacent image recording scans 
is changed in each of the first to N-th recording processes. 

86. A method according to claim 83, wherein said ink recording means is a unit integrally comprising an ink 
tank storing the ink, and a recording head having ink ejection orifices having recording elements for eject- 
ing the ink. 

87. A method according to claim 86, wherein said recording head comprises heat energy generation means 
for causing a change in state by heat in the ink, and forming a flying ink droplet by ejecting the ink based 
on the change in state. 

88. An ink jet color recording method forforming a multi-color image on a single recording medium, comprising 
effecting two or more printing operations with different colored inks by means of interchangeable heads, 
and controlling each operation by appropriate recording information for the different colors. 

89. An ink jet color recording apparatus comprising a carriage for supporting a replaceable recording head, 
a plurality of selectable recording heads for respective different colors, and means for supplying informa- 
tion data appropriate to the selected head. 
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region. In first stop, first recording information 
is supplied to a first ink rooming head, at- 
tached to the mounting portion, for ejecting a 
lost ink, recording is performed using the fast 
ink on the recording medium fed to the reoord- 
kig region by the feed unft. and the recording 
medium Is discharged by the discharge unft. In 
the second step, second recording Information 
Is supplied to a second ink recording head, 
attached to the mounting portion ki place of the 
fkst ink recording head, for jecting a second 



ink of a color different from the first ink, the 
recording medkim, on which recording using 
the first ink has been completed, is fed to th 
recording region by the feed unft. recording is 
performed using the second Ink. and the recor- 
ding medkim is dfccharged by the discharge 
unit In the third atop, third recording Informa- 
tion is supplied to a third ink recording head, 
attached to the mourrtng portion in place of the 
second ink recording head, for ejecting a third 
ink of a color different from the fast and second 
inks, the recording medium, on which recor- 
ding using the first and second inks has been 
completed, is rod to the recording region by the 
feed unit, recording is performed using the third 
ink. and the recording medium is discharged by 
the discharge unit 
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